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100 to 5000 Volts D. C. Continuous 


A newer model with 10 ma capacity, ideally suited for 
coincidence studies in scintillation counting and ioniz- 
ation chamber requirements. Designed for use with 
one or more of RCA’s 14 dynode No. 6810A photo- 
multiplier tubes simultaneously. Polarity is positive or 
negative with front panel control. Standard cell refer- 
enced. Noise and ripple is less than 50 mv peak to peak. 





Hamner’s well-known N-401 has become the industry's 
standard for use in scintillation spectrometry or for 
general laboratory use. Test after test has proven un- 
matched voltage stability for prolonged operating 
periods. The N-401 features low noise and ripple; less 
than 1 mv rms. Provides 5 ma, positive or negative 
polarity, front panel control. 


Immediate delivery on both power supplies 


Highly-efficient power supplies in the 0-1 ma range. Ask about 
Also Hamner’s N-4512 60 cycle, 500 to 5000 volt unit or the N-4252 
RF Power Supply with an output of 500 to 2500 volts. 
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B&W’s Critical Experiment Laboratory in- 
cludes three complete critical experiment re- 
actors, a pool test reactor, hot exponential fa- 
cility, control rooms, laboratories, and shops. 


Critical experiment core for Critical experiment core for 

the nuclear merchant ship re- the thorium converter reactor 

actor (N.S. Savannah). eo designed and being built by 
B&W for the Consolidated 
Edison Company of New York 
(Indian Point). 


This hot exponential facility 
duplicates the temperatures 
and pressures of operating 
power reactor cores. 





me i 


B&W -designed control panel for one | Critical experiment core for the Liq- 
of its critical experiment bays. ; ; uid Metal Fuel Reactor Experiment 
(LMFRE). 


THE KEY TO OPTIMUM CORE DESIGNS 


The key to your reactor design problems may —_—urements. Empirical data can be developed to 
be the Critical Experiment Laboratory of The —_—meet your reactor core design needs. 

Babcock & Wilcox Company. To help solve Write for a copy of AEB-8, “B&W and 
your problems, B&W’s staff offers unsurpassed Nuclear Power Development’. The Babcock 
experience in the conduct and utilization of | & Wilcox Company, Atomic Energy Division, 
critical experiments and hot exponential meas- 161 East 42 Street, New York 17, New York. 


THE BABCOCK & WILCOX COMPANY 
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Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Yes, accent on extremely close tolerances, but General Plate zircaloy 
and hafnium mill products are more than precision metals . . . they are 
also more efficient and less expensive products. The reason ... Metals & 
Controls’ work with new and unusual metals has led to the development 
of improved processing techniques for obtaining precise, efficient reactor 
metal forms. 

Precision tolerances are a specialty at M & C. Tolerances on camber, 
cross bow, and longitudinal bow are held according to specifications. Pre- 
cision measuring devices (electrical cross bow tester, granite surface 
plate, ultrasonic and radiographic testers) assure the closest control of 
quality. 

Zircaloy II and III sheet, strip, foil, wire, rod, and seamless tubing are 
fabricated in solid, clad or alloy form. Patented solid-phase bonding 
techniques are used to clad invar and stainless steel with zircaloy. 

Hafnium is supplied in sheet, strip and foil form, solid or as an alloy. 
The complete fabrication process from crystal bar to finished plate is per- 
formed in clean areas where the material is free from contamination from 
fissionable materials. 

For more information or technical assistance on mill products of solid 
reactor metals, or on clad metal combinations for special applications, 
request our new bulletin, ““General Plate Reactor Metals,” or write di- 
rectly to Product Manager, Reactor Metals at: 


METALS & CONTROLS 


506 FOREST STREET. ATTLEBORO, MASS., U.S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
Truflex® Thermostat Metal «+ Platinum Metals +» Reactor Metals * Radio Tube & Transistor Metals 
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Behind the Front Pane! 


Once a year in the spring, we devote 
our entire feature-article section to a 
special report on some subject of im- 
portance to the nuclear field. This 
June the special report (p. 63) is on 
Nucleonic Instrumentation. It’s in- 
tended as a look beneath the surface 
(behind the front panel might be more 
apt) of several aspects of that impor- 
tant subject. 

To help us decide exactly which as- 
pects of nucleonic instrumentation to 
cover we polled a dozen or so specialists 
in the field. Far and away their first 
choice was for an article on the use of 
transistors. To write it we called on 
one of the world’s leading experts in 
the subject, Fred Goulding of Chalk 
River, Canada. We hope you'll be as 
delighted as we were with his thorough- 
going coverage of the highlights of that 
subject. We “highlights” ad- 
visedly because in a rapidly growing 
technology it is well-nigh impossible to 
provide definitive coverage. However, 
Goulding has included a very extensive 
bibliography and this should help the 
reader who would like to go more 
deeply into some facet of the subject. 

Another major ingredient of the spe- 
cial report is Van Duuren’s review of 
recent developments in halogen- 
quenched G-M counters. All too many 
people have been unaware of the quiet 
revolution that has been worked in the 


say 


field of Geiger counters, in particular, 
with respect to the many novel geom- 
etries that are made possible by the 
development of ‘‘fat-anode” types. 
The chart on p. 87 shows you 11 de- 
signs ataglance. We hope it will com- 
plete your motivation to read the entire 
article. 


More to Come 

This ‘special report on nucleonic in- 
strumentation by no means exhausts 
our interest in the subject. Our In- 
strumentation and Measurements de- 
partment, which is regularly devoted to 
that subject but is missing this month 
because of the special report, will be 
back in the July issue with a review of 
nuclear instrumentation developments 
in France by Marcel Surdin of the 
French AEC and a description of a new 
remote area monitoring system by 
Brown and Rogers of Tracerlab. On 
deck for later publication are such 
things as a review of latest advances in 
decay-time discrimination in scintilla- 
R. B. Owen of Harwell and a 
massive review of instrumentation de- 


tors by 


velopments at Savannah River by John 


Wilson. 


Cleveland Reprise 

Post mortem on the Cleveland Nu- 
clear Congress, which we previewed in 
our April issue, can be found in the 
Nuclear Engineering (p. 96) and Ap- 
plied Radiation (p. 114) departments 
where reports are provided on Project 
Plowshare and the A. D. Little study 
of radiation respectively. As 
with any technical meeting, Cleveland 
will continue to influence our pages in 


the months ahead. The Editors 


uses, 


Analyzer tubes. Before pulse- 
height analyzer design settled out 
in favor of the types presently em- 
ployed, considerable experimenta- 
tion was carried out with special 
tubes designed to do the analyzing. 
An early tube of this type was built 
at the 
tadiation Laboratory, 


California 
Berkeley. 
Essentially it was a cathode ray 
tube had 
been removed and replaced with an 


University of 


from which the screen 


assembly of 48 “‘catcher”’ anodes 
ranged SO as to intercept the beam, 


The 


deflection was in turn determined 


depending on its deflection 


by the height of the incoming pulse 
to be Pulse resolving 
time was limited to 35 
William E. Glenn, 
June ’49, p. 50. 
Dean, Smyth to AEC. 


Senate confirmed 


measured. 
msec. 
NUCLEONICS, 


“The 
has President 


Truman’s nomination of Gordon 
Dean, professor of law at the Univ. 
of Southern California and Henry 
DeWolf Smyth, chairman of the 
department of physics at Princeton 
Univ., to fill two vacancies in the 
AEC.” 
1949 
a full five year term and was suc- 
ceeded by W. F Libby; 


had by then become Chairman of 


Thus reported the May, 
NUCLEONIcS. Smyth served 
Dean, who 


the Commission, was succeeded by 
Lewis L. Strauss in 1953. 
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B-A Budget Priced Scalers are in Demand 
Customers are buying B-A Model 123 Scalers, 
not one, but many at a time! Here for only $395 
is a high quality scaler for g-mand low-level 
counting work...long life, all electronic, 
99,999 count capacity by 5 Dekatron’ glow tubes 
and exceptional stability. Ideal for laboratory 
instruction. Write for complete specifications. 

Baird-Atomic, Inc. 
33 University Road, Cambridge 38, Mass. 
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CUTIE PIE. 


T/A Model CP-3 
offers important 
new features! 


Alpha-sensitive. 
Built-in alpha and beta 
absorption filters. 


@ New battery pack provides 
over 800 hrs. operating life. 


@ Entire battery complement 
can be checked before use. 


Beta Absorber 









Alpha and/or 
beta radiations 
are easily 
rejected by 
swinging the 
proper absorber 
into place. 


RANGE SELECTOR SWITCH 
includes 3 

for checking 
prior to use 


test positions 
all batteries 





CP-3 is 
equipped with 
tripod feet 
for table 

or floor 
monitoring. 





T/A Model CP-3 Cutie Pie measures 
and distinguishes between alpha, 
beta, and gamma radiation, and is 
designed for laboratory, reactor, 
and industrial use. This portable in- 
strument features three full-scale 
ranges of 50, 500, and 5000 mr/hr, 
and is especially useful in health 
physics work. 


Write for Bulletin No. 165 
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NUCLEAR REACTIONS 


A Case of Stunted Growth? 


Dear SIR: 

That the application of radiation as 
an industrial tool is becoming of in- 
interest to both 
and industrial organizations goes with- 


creased government 


out saying. However, as is often the 
case with a new technology, it is impor- 
tant that in its early growth nothing be 
done to stunt the growth pattern. 

Unfortunately, I believe that such is 
the situation with regard to the AEC’s 
position on radiation applications. In 
particular, I should like to direct my- 
self to its position on massive-radiation 
applications. 

The long-term goals established for 
the Office of Industrial Development, 
namely, to develop markets for isotopes, 
fission products and reactor energy, is 
commendable. Obviously, our infant 
reactor field would gain immeasurably 
if the waste products could be directed 
to practical uses. However, | believe 
that the method of achieving this goal 
bears careful scrutiny. 

My contention is that in this field, as 
in all other economic areas, the law of 
supply and demand still holds. Con- 
sequently, the best and quickest way 
to achieve the long-range goal of the 
AEC is to help foster and develop the 
markets and requirements for many 
kilowatts of radiation Fur- 
ther, | believe that, having developed 
requirements for megawatts of energy, 
the AEC can step down and let Ameri- 


energy. 


can industry and ingenuity determine 
the best and most economic means of 
satisfying these requirements. 

Instead, the AEC, through its Indus- 
try Development Program, is trying to 
go the route of isotopes and reactors 
regardless of the practical economics 
today, tomorrow or even years from 
now. The end result, I believe, will be 
to the detriment of American industry 
and to the AEC’s long-range goal. 

If, as I feel will be the case, the pro- 
grams now being sponsored by this 
agency result in ascertaining technical 
but with 
statement that the economics does not 


feasibility, the qualifying 
justify industrial application today be- 
cause of high isotope costs, then many 
industrial engineers who might have 
been interested will shelve their proj- 
ects awaiting the lower projected costs. 

The end result will be to delay practi- 
cal radiation applications and to shrink 
the potential demand for large quanti- 
ties of radiant energy. 





As a manufacturer of high-voltage 
accelerators, we naturally are concerned 
this matter. Almost daily we 
have seen situations develop where 


with 


radiation energy can play an immediate 
role if the cost is right. And for many 
applications, it can be proven that ma- 
chine radiation is cheap enough today. 

If the AEC wants to play a vital role 
in this field, let them support these 
practical programs and thereby develop 
immediate as well as future needs. 
But to offer support obliquely, preju- 
dicing themselves in favor of isotopes 
and reactors, is to do a disservice to the 


field. In addi- 
tion, manufacturers like ourselves are 


radiation-application 


put in a position of countering errone- 


ous impressions regarding radiation 
costs that result from AEC emphasis on 
isotopes. 

Further, since the AEC is a govern- 
whose activities are 


ment agency, 


financed by all the taxpayers, why 
should they choose an arbitrary posi- 
tion that defeats their long-range goal 
and at the same time unfairly fosters 
a government-supported competitor of 
accelerator manufacturers? 

It is as if they ask us to help furnish 
the funds to bet on their horse in a 
horse race in which we have our own 
the 
their horse in today’s race, the whole 


entry. Considering lameness of 
thing appears rather ludicrous. 

KENNARD H. MorRGANSTERN, 

President 

Radiation Dynamics, Inc 

Westbury, New York 

{EprroR’s NoTE: Areply from Paul Aeber- 

AEC Office of 

Development, solicited by NUCLEONICS 


sold, Director, Isotopes 


follows 


DEAR SIR: 

We welcome the opportunity to re- 
spond to Dr. Morganstern. 

Dr. Morganstern questions the ap- 
proach being followed in the Commis- 
sion’s program for developing indus- 
high intensity 


trial applications of 


radiation. We consider this phase of 
the Isotopes Development Program to 
be relatively long range and believe 
that radiation energy offers promise as 
a processing tool, as diverse in its 
capability as temperature, pressure and 
catalysis. 

The industrial radiation program is 
two-fold. 
ing technology for radiation processes 


First, it is aimed at develop- 


through research and development at 
AEC national laboratories and through 
contracts with industry and research 
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organizations. Second, this program is 
aimed at developing radiation engineer- 
ing parameters, such as_ utilization 
efficiency, dose distribution and safety, 
related to the utilization of quintalcurie 
and megacurie quantities of radioiso- 
topes for radiation processes. 

Dr. Morganstern is in agreement 
with the first aim, i.e., the development 
of “markets and requirements for many 
kilowatts of radiation energy.” Any 
advances in this area will, of course, be 
of benefit to the total radiation industry 
including machine manufacturers. 

It would appear that Dr. Morgan- 
stern is taking exception to the sec- 
ond programmatic goal, the develop- 
ment of large radiecisotope sources 
equivalent to tens of kilowatts of ma- 
chine power. Dr. Morganstern’s point 
is that AEC attempts at developing 
engineering parameters of high inten- 
sity radiation sources should include 
machine technology. 

In this regard, it should be observed: 

1. The high-voltage accelerator in- 
dustry has developed to its present ad- 
vanced state partly as a result of use of 
such accelerators in Commission pro- 
grams in chemistry, physics, biology 
and medicine. This is a free competi- 
tive industry, although government or 
government contractors are major pur- 
chasers. In contrast, high-intensity 
radioisotope sources for radiation 
processing are in an early state of de- 
velopment, and AKC is the sole U. 8. 
producer. The AEC, has a broad re- 
sponsibility to develop peaceful appli- 
cations of atomic energy. It is the 
AEC purpose to bring the technology 
of high-intensity radiation applications 
up to a level that will permit the estab- 
lishment of a free-enterprise radiation 
production and utilization economy. 

2. Contrary to the implications of 
Dr. Morganstern’s letter, high-inten- 
sity radioisotope sources are not com- 
petitors of machines per se. For some 
particular processes, it doubtless will 
prove true that only machines should 
be considered; in other instances high- 
intensity beta and gamma sources will 
be preferred for technical reasons such 
as depth of penetration, uniformity of 
treatment, more efficient source geome- 
try and absence of induced activity. 

3. The economic situation is not as 
clear-cut as Dr. Morganstern implies. 
Only hypothetical economic analyses 
exist comparing costs of radioisotope 
sources and machines. These com- 


(Cont. on p. 143) | 
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DOUBLE TAPER hot cell windows 


Easy to buy, easy to install. The Penberthy double-taper window 
is simply pulled into place from its shipping pallet. Both hotside and 
coldside varieties are available—no grouting or shotfill is required 


in either case. 


Lead glasses by Penberthy start clear and stay clear. Whether 
airsealed or oilsealed, these windows do not fog and do not leak. 
Penberthy windows—about two thousand of them—have been in use 
since 1949, in many countries and climates—from one inch to six feet 
thick—from 10 pounds to 18,000 pounds—in densities from 2.5 to 6.2. 
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Originators of heavy lead glass 


“S| PENBERTHY 
INSTRUMENT CO. 


4301 6TH AVE. SOUTH ¢ SEATTLE 8. WASH 
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IN THE NAVY’S NEW NUCLEAR FLEET 


Darling Stainless Stee/ Valves are“on duty” 


Meeting the Navy’s rigid specifications for 
valves in nuclear power plants demands the 
highest quality and production standards. 

Darling is one of the select group of manu- 
facturers supplying stainless steel valves for 
the Navy’s new nuclear submarines. Darling 
valves are “on duty” on the Skipjack, as well 
as other nuclear subs still unnamed. These 
valves incorporate the exclusive revolving 


double disc parallel seat feature... which 
insures positive sealing and ease of operation. 

This Navy acceptance of Darling quality 
standards holds important implications for 
designers and builders of commercial atomic 
power plants. Our know-how and precision 
manufacturing facilities are at your disposal. 

Write us for information, or we'll gladly 
arrange for a Darling sales engineer to call. 


DARLING VALVE & MANUFACTURING CO. 


Williamsport 6, Pa. 
Manufactured in Canada by Sandilands Valve Manufacturing Co., Ltd., Galt 19, Ont. 


Darling 14” stainless 
steel gate valve of the 
type used on the 
Skipjack. 


DARLING 
SD 5/ 


7 


VALVES 
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PROVEN INSTRUMENTS 


to measure and control micro-currents 


MODEL 410 offers maximum sensitivity and fast response 
for general applications. Typical are measurement of cur- 
rents in ion chambers, photo cells, vacuum tube grids, and 
back currents of silicon transistors. No switching transients 
created by switching from range to range. Features tabu- 
lated below, with similar Model 411. 


contact-meter micro-microammeters 


~ aed 
am ow 41/0 cre amcreammeter 


o = 
¢ 


ij , 9 


MODEL 411-C has a meter-relay with adjustable contacts, 
providing economical control or alarm circuitry. Five- 
ampere contacts are brought out through an AN connector. 
All other Keithley Micro-microammeters and Log N 
Amplifiers also are available with contact meters for 
specific applications. 





MODEL 420 provides superb stability for dual monitor- 
ing of power level and reactor period. It measures positive 
or negative reactor period from —30 to o to + three sec- 
onds and has five-second recovery from overloads. Accu- 
racy is within 3% at center scale. Log N current ranges 
shown below. 





MODEL 412 features a large single scale covering six 
decades with no range switching. Typical uses include reac- 
tor control, radiation monitoring and materials testing. 
Accuracy is within 0.2 decade; zero drift within 0.5 decade 
in eight hours. Features shown below, including similar 
Model 413. 
































MODEL FULL SCALE RANGES OUTSTANDING FEATURES PRICE 
410 10-3 to 3 x 10°'3 amp. Twenty ranges; fast response; maximum sensitivity $ 490.00 
7 410-C - 10-8 to 3x 10 13 amp. Same as 410 except contact meter replaces panel meter $ 625.00 5 
: 411 —_ 10-8 to 10-!! amp. Seventeen ranges; fast response; excellent zero stability $ 535,00 
7 41 1-€ 10-3 to 107"! amp. Same as 411 except contact meter replaces panel meter $ 670.00 
412 op 10-8 to 10-7 amp. Single range; high stability log N meter; fast response $ 485.00 
- 413 10-1! to 10° amp. Same as 412 except measures larger currents $ 485.00 
- 420 7 10°15 to 106 amp. Single range; adjustable response speed; superb stability $ 950.00 
7 420-C | —30 to 2% to + 3 sec. Same as 420 except two contact meters replace panel meters $1220.00 it 





WRITE TODAY /or detailed data on these and other Keithley 
Instruments for nuclear and research applications. 


KEITHLEY INSTRUMENTS, INC. 


12415 EUCLID AVENUE CLEVELAND 6, OHIO 
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NO COMPROMISE WITH QUALITY IN 
The capacity of this new Texaco Refinery at 

Anacortes, Washington, is 45,000 barrels of 
crude oil per day, processed into a full range of 
finished Texaco quality products... high octane 
and regular gasoline, jet fuel, burner oil, kero- 


; , 
fuel and propane 


a 
gas. 


sene, diesel oil, bunker 
| with 


Quality control is t 
automation and instrumentation 


1e watchword here... 
bearing the 
major responsibility. More than 30,000 Swagelok 
Tube used for instrumentation 


Fittings were 


CREDITS: Owner: Texas Co 
Panel Boards 


J procurement and 


factured by Swanson 


constructior 


Engineering 





THIS MODERN PETROLEUM PLANT 


throughout the plant, 
the 


keeping with their high 


’ 
ines 


tracer 
12.000 for 


and steam 


including over panel boards in 
the control center. In 
standards of quality in panelboard manufactur- 
ing, Swanson Engineering & Manufacturing 
Co. selected Swagelok Tube Fittings to secure 
precision control with torque-free seals that 
tignt. science ol sealing, 


are absolutely 
Swagelok Tube Fittings approach the ultimate 


desired by designers today. 


Bechte 


& Manu 
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From four consoles in the central control room, oper 
ators can maintain constant check on temperatures 


at hundreds of points throughout the process units 
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This view of back of panel board illustrates 
the outstanding craftsmanship in design and 
construction by SWANSON ENGINEERING & 
MANUFACTURING CO. 





In this great new Texaco Refinery Swagelok Tube Fittings 
stand guard against pressure, vibration and torque 


In — refining of 45,000 barrels of crude per ingenuity can create and that precision machines 
day at the new Texaco Refinery, obviously all can produce! 

f the its ] > Ess C ine . an ah . ’ 
"* he home ry the process control line must Che new Texaco Refinery at Anacortes, Wash- 
ear a big load of trust in performance. ington, is one of many different industries 
The Swagelok Tube Fittings used in the plant using Swagelok Tube Fittings for trouble-free, 
and control panels represent 30,000 trusts in leak-proof operation. 
dependable performance. Their design is unique, . . er : 

P , +. ssiahe 42 — | Crawford Fitting Company 

‘ > > id . > « 

yased on the principle that 884 East 140th St., Cleveland 10, Ohio 


nothing 1s quite So good as the finest that man’s Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Canada 


Swagelok Tube Fittings are available in any machinable 


metal or plastic, in sizes for “e’’ through 1°’ O.D. tubing 





Education... 


Our Greatest 
Tool” 


OSCAR G. MAYER 
Chairman, Oscar Mayer & Co. 


“During the last twenty years we have had dramatic evidence of what massive 
research can accomplish. Every thinking American today is acutely aware 
that our future welfare depends upon this vital activity. 

“But sound higher education is the prerequisite of good research; it is vitally 
important that our higher education be constantly improved, beginning with 
our secondary schools. Higher education is the only means with which we can 
mine our most valuable natural resource: the creativity of the human mind in 
all fields, social and cultural as well as scientific. 

“By supporting the college of your choice in its efforts to provide the best 
possible faculty and physical facilities, you are investing in the one tool with 
which to shape favorably the future of America.” 


If you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 





Vl, 


o \SING 
(\z HIGHER EDUCATION & — 


4: 


Sponsored as a public service, in cooperation with the 
Council for Financial Aid to Education 


KEEP IT BRIGHT te see 














June, 1959 - NUCLEONICS 








Looking for an independent consulting and service organization 
to augment your own R&D staff? EMPIRE NUCLEONICS can 
deliver practical nuclear know-how... provide facts proved by 
skilled scientific and technical personnel .: : 

— and make available to you a complete 


P A= — &: ih laboratory facility equipped with 


some of the finest instrumenta- 


i'MPIRE (WUCLEONICS \ : tion in existence today. 


/ EMPIRE NUCLEONICS special- 
izes in radiochemical analysis .. . 
health physics . . . instrumentation... 


radioisotope applications and practical solu- 
tions to your specific problems. You need invest only in results. 


Pd 


EMPIRE NUCLEONICS is already serving in some of the most 
critical nuclear programs of our time. To learn how we can help 
you in your application, write today for Booklet #6. 


EMPIRE NUCLEONICS, INCORPORATED 
2222 Flatbush Avenue, Brooklyn 34, New York DEwey 8-3000 
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Honeywell logger-scanner 


... accurate within + 0.1% of reading 


... pinboard programming for maximum flexibility 


Here’s a standard, all-purpose 120-point logger- 
scanner system with features formerly found only 
in more expensive, custom-designed equipment . . . 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper- 
ating limits—60 to 120°F—eliminate the need for 
special air conditioning equipment. 


The Series 3120 accepts signals from primary 
measuring instruments—thermocouples, flow, pres- 
sure or other transducers. It measures these sig- 
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer- 
ence oven can be supplied to accommodate three 
types of thermocouple inputs—types T, J, and K— 
which are automatically linearized over their entire 
range to within 0.1% accuracy. 


The operator can select either automatically or 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 


Between logging cycles, the system can scan off- 
normal alarm points—high, low or both—at a rate 
of 7 points per second. Upon detecting an off- 
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. MINNEAPOLIS-HONEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fratr iw Cour 





TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 


STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con- 
nected by plugs for easy servicing. 











LANDSVERK MODEL L-75€®™° +ISOTOPE ANALYSIS UNIT 


One measurement is worth one hundred expert opinions 


The Isotope Analysis Unit is a sensitive, accurate 
ionization chamber instrument for measurement of 
alpha, beta- or gamma radiation. It features simple, 
reliable operation and low maintenance cost. Widely 
accepted by A.E.C. laboratories, it 
is also used extensively in the 


A.E.C. teacher training program. 


Model L-75K is the kit form which 
includes sample trays, planchets, 


filters, light source, special holders. 


The Laudsuerk Electrometer Company 


641 SONORA AVENUE, GLENDALE 1, CALIFORNIA 
FIRST NAME IN DOSIMETERS FOR MORE THAN A DECADE 
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Maximum shield efficiency provided by unique interlocking lead bricks: 
With Federated interlocking bricks, there’s no need to order extra thickness to safeguard against 
leakage. Because of the unique design of the bricks, any Gamma rays that penetrate the first angle 
of a Federated interlocking joint will strike an equal or even greater depth of lead than the straight 
thickness of the wall! Specify Federated interlocking bricks for a full inch of shield for every inch 
of lead you buy. Federated also stocks many sizes of lead containers for handling materials with a 
wide range of radio-active intensities: Federated can also produce standard or specially shaped lead 
shields to your specifications. Draw on Federated’s radiation shielding experience. Just call or write 
anyone of the 23 Federated offices. Federated Metals Division, 120 Broadway, New York 5. In Can- 


ada: Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION OF 
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ASCO SOLENOID VALVES FOR 


COMMERCIAL VESSELS SUBMARINES POWER PLANTS 


Pioneering design, development and production 
work has brought about a “first generation” of 
solenoid valves for use in the primary systems of 
water cooled nuclear reactors. 

From ASCO experience, ASCO facilities, and 
ASCO design imagination now come a variety of 
proven solenoid valves to control the flow of water 
in the primary and secondary systems of reactors 
in submarines, surface vessels and industrial 
power plants. Available in many sizes and designs, 
these stainless steel packless type (hermetically 
sealed) valves are distinguished by the highest 
standards of reliability, exceptionally tight seating 
and have been exposed to the most rigid tests 
simulating actual working conditions. 

Beyond the “standard” units shown which are 
already on the job in various reactors, ASCO 
research and development is already involved in 
radically new designs which will be required in 
other types of power reactors, including boiling 
water, gas cooled, and liquid metal. ASCO nuclear 
engineering teams are doing their pioneering work 

. backed by the most advanced nuclear research 
facilities in solenoid valve manufacturing. 

In design — development — production — ASCO 
single source responsibility is a warranty of per- 
formance and quality. 


A few typical 
Solenoid Valves 
supplied for 
the primary system 
are tllustrated here 





a. 


SURFACE VESSELS 


Precision Craftsmanship ...is evidenced by this 
ASCO machinist’s painstaking care...and in the 
precision products engineered and manufactured 
by the Automatic Switch Co. 

Modern machinery and production facilities, 
coupled with old fashioned pride in workmanship 
are behind the quality line of ASCO Solenoid Valves. 
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NUCLEAR REACTORS 


ASCO is the only solenoid 


' valve manufacturer with its 


own HOT TEST LOOP. 
Here, valves for atomic 
energy applications are 
subjected to rigid tests, 
simulating actual working 
conditions. 


Modern Laboratory, Research, Testing and Production 
Facilities help keep ASCO abreast of atomic power 
requirements for automatic control. 


i 


quest 


Proposals submitted upen receipt of specifications. For 
complete information, write for Nuclear Reactor Valve 
Brochure V5055 and complete Solenoid Valve Catalog #25. 


ASVG. 


Automatic Switch Co. 


52-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES 
ELECTROMAGNETIC CONTROL 





A reactor company’s ability to gain the best solution with a given set 
of design parameters is proportional to the quality of its experimental 
physicists. This is why NDA maintains an experimental physics group 
that has gained a wide reputation for quality and productivity. 

This group’s working tools include the Pawling Research Reactor and 
critical facility, a major mathematics center with Datatron Computer 
and a hot lab (10,000-curie capacity) for chemical confirmation of the 
experimentalist’s work. In addition to use of its own facilities, NDA has 
carried out programs based on the high neutron fluxes available at the 
National Reactor Testing Station in Idaho 


fea * 


Gamma Ray Experiment 


Control Room, Pawling Research Reactor 


NDA’s experimental physics group conducts complete reactor core 
and shielding physics programs. It also addresses itself to specific 
problems such as exponential and single cell experiments, reactivity 
value studies and related projects to which the experimental physicist 
brings unique insights and skills 

Working for itself and others, NDA participates in reactor develop- 
ment on a broad front. As a result, it offers unusual opportunities for 
experimental physicists and other reactor scientists and engineers 
to grow with the company and the industry. Write for employment 
information. 


a complete reactor company 
NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. 


TEL. WH. 8-5800 


NDA EVROPE 31, Rue du Marais, Brussels, Belgium 
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OBOE BORE 


of Key Developments in Nucleonics 


McCone Begins 2nd Year with Strong Hand on Tiller 


AEC Chairman John A. McCone, according to a story current in 
Washington, had a difficult time one day recently convincing Democratic 
members of the Joint Committee on Atomic Energy that AEC would 
push construction of a particular project as it had promised. 


“May I have a pin, Mr. Chair- 
man,” he asked, 

“What for?” 

“So I can prick my finger and 
give you my word in blood.” And 
the Democrats gave him no more 
trouble. 

The story is characteristic of the 
tough but flexible man who next 
month will round out his first year 
in the AEC’s top job. 

How is the McCone Commission 
operating? How does it differ from 

NUCLEONICS put five questions on 

AEC’s reactor and radiation pro- 

gram policies to Chairman McCone. 

His answers are on page 22. 


the establishment as run by Lewis L. 
Strauss? One member of the Strauss 
Commission leaves at the end of this 
month—Willard F. Libby—and an- 
other’s term expires on the same day 
—John S. Graham; is a “new” Com- 
mission in gg 

Taking the last question first, it 
appears that Libby is the only mem- 
ber of the Commission to depart in 
the foreseeable future—Graham, ap- 
parently, will stay. Further, the 
staff reshuffling which has taken 
place since McCone came on the 
job—from a new general manager 
down through a new regime in the 
Reactor Development div. (NU, 
Nov. °58, 22; July ’58, 21)—has 
given the Commission a “McCone” 
staff which is not likely to change 
soon. Also, there is current discus- 
sion within the Commission to chan- 
nel the work of the national labora- 
tories away from development work 
and toward research alone (JCAE is 
considering hearings on the labs’ 
future within the next few weeks). 


Commissioners Themselves 

Libby, the only scientific mem- 
ber of the Commission, is stepping 
down two years before the expira- 
tion of his term to return to research 
work at the University of California, 
Los Angeles. His successor had not 
been named in late May. Warren 
Johnson, chairman of AEC’s Gen- 
eral Advisory Committee and dean 
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of physical sciences at the University 
of Chicago, was reported to have 
been offered the job. 

Graham, the only Democrat on 
the Commission, has not disclosed 
his plans. But it is widely expected 
that he will be offered reappoint- 
ment and will accept. 

Rumors earlier this year that 
Harold S. Vance would resign this 
fall have faded and Congressional 
Republicans have been assured that 
he will stay on. 

John Floberg, a political inde- 
pendent and one of the most vig- 
orous members of the Commission, 
has three years of his term remain- 


ing. 


McCone’s Leadership 

No one, in or out of the Commis- 
sion, harbors any doubts that the 
dominant figure is McCone himself. 
Partly this is a natural result of the 
——- and power that goes with 
»eing chairman. But the man’s own 
personal drive is a big factor, too. 

Long before he joined AEC, 


McCone had won a reputation as a 





no-nonsense man who makes exact- 
ing demands on his staff. He has 
lived up to this reputation at AEC, 
where urgent memos from the chair- 
man are called “McCone-O-Grams.” 

There are occasional _ staff 
grumbles that the present Commis- 
sion does not give the same weight 
to staff recommendations as in the 
past—that the commissioners are in- 
creasingly inclined to make technical 
decisions on their own. But one 
industry representative in Washing- 
ton gives the other side: 

“Admiral Strauss and McCone are 
both businessmen and champions of 
private enterprise. But McCone has 
one advantage—he has a technical 
background. So when a staff man 
or an industry man comes in with 
high-flown talk about the expected 
performance of a proposed reactor, 
McCone says ‘Give me your break- 
down.’ And if the backup material 
isn’t sufficient, then you just have 
to work until it is. 

“This is the first time some of 
these people have really had to 
justify everything.” 


Graham—Chief Dissenter 
Commission decisions are made by 
majority vote, with the views of 
each member recorded. But in 
practice, there are few dissents on 





JCAE subgroup okays 9-reactor program for '60 


Pretty much as expected (NU, May 59, 25), an AEC construction program 


calling for a start in fiscal 60 on nine commercial reactors, three or more re- 
actor-design studies and a natural-circulation, boiling-water prototype for the 
naval reactor program (NU, Apr. ’59, 21), was approved last month by a sub- 
committee of the Joint Committee on Atomic Energy. 
was expected to approve the program—with the possible addition of a capital- 
subsidy scheme—by end-May or early June. 
probably cover something less than 100% of excess construction cost of a nu- 
clear power station over a conventional station. 
mittee-approved program: 


The full committee 
Capital subsidy, if okayed, would 
Highlights of the subcom- 


@ Authorizes both the Oak Ridge and Philadelphia Electric gas-cooled re- 


actors but requires reimbursement of AEC aid if the latter is not built. 


® Authorizes AEC aid for a 50-100-Mw(e) high-power-density BWR (Gen- 


eral Electric and Consumers Power of Michigan are dickering on such a 
plant), plus an intermediate-sized reactor AEC is free to designate. 


®@ Authorizes two small reactors under the second round of the Power Dem- 


onstration Program—AEC-owned, but operated by public power. 


® Authorizes AEC to build (1) organic-moderated reactor experiment 


No. 2; and (2) a process-heat reactor. 


® Authorizes an AEC or cooperative project for nuclear superheat in a 


boiling-water reactor. 


© Authorizes $5.5-million for reactor-design studies: heavy-water; a nuclear- 


tanker reactor; a small reactor for remote military power. 


21 
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major issues. Usual procedure is 
informal discussion among the five 
to hammer out an acceptable solu- 
tion before a formal vote. 

However, despite criticism of 
Graham as an insufficiently vigorous 
advocate of “Democratic” programs, 
this quiet North Carolinian is gen- 
erally considered the chief dissenter. 
It is also understood that McCone 
ae considerable weight to Gra- 

’s views as part of a continuing 
effort to keep peace with JCAE 
Democrats. 

During the Strauss regime, Gra- 
ham publicly disagreed with the 
Commission decision on the arrange- 
ment with Pennsylvania Power and 
-Light (NU, March ’58, 28)—a proj- 
ect which was later pe by 
the sponsors themselves. 

More recently, Graham refused to 
go along with approval of proposed 
aid to the Philadelphia Electric 
_ advanced gas-reactor project 
NU, Dec. 58, 17) unless certain 
changes were made in the contract. 
He was outvoted. But the changes 








McCone 


were made and final approval was 
unanimous. 


McCone and Congress 

When McCone took over the 
AEC chairmanship, he set one over- 
riding goal: to get along with key 
Congressional Democrats and, there- 
by, avoid the pitfalls suffered by his 


predecessor. He assiduously wooed 
Sen. Clinton Anderson (D-N. M.), 
JCAE chairman, and went out of his 
way to satisfy the Democrats on 
such questions as ground rules for 
the Reactor Demonstration Program 
and construction of both the con- 
vertible plutonium-production reac- 
tor at Hanford, Wash., and the gas- 
cooled reactor designed by Kaiser 
and ACF Industries. 

The resulting “honeymoon” ap- 
peared to be shattered when 
McCone lost his temper at a JCAE 
hearing and accused Rep. Chet 
Holifield (D-Calif.) of releasing a 
critical press release before McCone 
had finished his testimony (NU, 
Apr. 59, 17). 

It was then that McCone did 
something which Strauss always 
found difficult to do—he apologized 
for the “misunderstanding.” There 
will be many opportunities for such 
misunderstandings in the future but 
at this writing, McCone is on cordial 
terms with a majority of the Demo- 
cratic-led JCAE. 





McCone Defines AEC Policies on Reactors, Radiation 


NUCLEONICS last month put five questions to AEC 
Chairman John A. McCone. Here are his answers. 


1. AEC, under your chairmanship, has moved away 
from the argument that full-scale power reactors must 
be built to demonstrate construction and operation 
economics of nuclear power. Instead, it is now con- 
tended that only small reactors capable of upsizing 
without major design change should be built. What is 
the reasoning behind this “new approach” to economic 
nuclear power? 

It is true that the civilian power reactor program 
which AEC has presented to Congress [NU, March ’59, 
17, 28] emphasizes the construction of prototype rather 
than full-scale central station plants at this time. (By 
a prototype plant we mean one intermediate in size be- 
tween experimental and full-scale plants but sufficiently 
large and complete so that it will provide a sound basis 
for extrapolating to the operation, economics and effi- 
ciency of a full-scale plant.) We have emphasized pro- 
totypes because, along with others who have surveyed 
this field recently, we believe they are a superior device 
for achieving the objectives of the program within the 
time specified. They can be built in less time than full- 
scale plants. They are far less costly. It is more prac- 
tical to build flexibility into them, to make changes in 
them after they are built and to emphasize fact finding, 
as opposed to power production, in their operation. 

e size of the prototype reactor will vary, depending 
on the particular design and on the essential features 
which must be demonstrated. The intent is to obtain 
necessary information in minimum time, at minimum cost. 

Emphasis on mop reactors does not mean that 
the Commission has no interest in plants of larger size. 
If a large-scale plant is proposed which would seem to 
contribute in an important way to the program’s objec- 
tives, it would be eligible to receive research-and-devel- 
opment assistance and waiver of [fuel] use-charges, 


within available authorization and funds, under the “un- 
solicited proposals” part of our program as proposed to 
the Joint Committee on Atomic Energy. Generally 
speaking we expect that large-scale plants will be built 
under normal industry initiative at such time as utilities 
can expect that they will prove to be economic, or 
nearly economic, over their service lifetimes. 


2. Does the “new approach” reflect a Commission 
feeling that the U. S. can and should depend on the 
1-million-kw Euraton arrangement for large-reactor ex- 
perience, while the domestic program is scaled down in 
terms of reactor sizes and costs? 

We believe that the Commission’s domestic program is 
by itself adequate to achieve the objectives established 
for it. Without question much will be learned from 
plants built for Euratom, but the prospect that such 
plants would be built was not a determining factor in 
the formulation of the domestic program. 


3. For something like two years many of the reactor 
industry's spokesmen, including those of the Edison 
Electric Institute, have urged the government to state 
long-range goals for the U. S. program and to state the 
federal policies (such as your proposed capital-grant 
program) under which the goals might be achieved. 
This would also include some statement of total effort 
over the period until the goals were achieved, as well 
as the spelling out of steps AEC might take to “accel- 
erate” reactor devlopment. (a) Is the program you 
presented to Congress in February intended as AEC’s 
answer to the industry’s urging for an accelerated, long- 
range program? (b) If not, is AEC planning to go be- 
yond the capital-subsidy proposal, for example, to ac- 
celerate development? (c) Is the federal budgetary 
situation such that AEC could go beyond the February 
program if it were inclined to do so—either on its own 
or jointly with JCAE? 
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This item really contains three questions which I will 
answer in turn: 


(a) The program which AEC aye to Congress 


in February is intended to provide the objectives and 
the framework for our long-range nuclear power pro- 
gram. At the same time, our specific proposals were 
submitted for fiscal 60. This 60 program was but the 
first step in the implementation of our long-range goals 
and will be followed by additional Do amgsan in subse- 
quent years. The viewpoint of industry was solicited 
by the AEC and their suggestions concerning a long- 
range program were ly considered by the Com- 
mission before this program was submitted. 

(b) We believe that the program has built into it all 
of the assurances which are needed to move it forward 
at the desired speed. Through the capital-grant fea- 
ture we hope to obtain the very real practical benefits of 
utility participation in the program and to facilitate the 
ultimate transition of the utility industry to nuclear 
power. But even if acceptable industry responses are 
not received to invitations involving offer of capital 
grants, the program will go forward through the alterna- 
tive arrangements involving government construction. 

(c) Certainly it should be clear that the AEC oper- 
ates within an institutional framework which involved 
submission of an Executive budget, authorization of 
major projects by JCAE, appropriation of funds by the 
Congress, and apportionment of funds by the Bureau of 
the Budget. If circumstances appear to require that the 
civilian power program be ed, there are means 
available within this framework for accomplishing this. 
At the moment, however, we regard the program as 
presented to be sufficient for achieving the nation’s ob- 
jectives in this field. 


4. Has the reactor industry given you any indication 
that it will step up reactor programming as a result of 
the capital-grant availability? What kind of impact do 
you expect the subsidy to have if it is approved by 
Congress? 

Discussions over the past year led to the conclusion 
that the participation of industry in nuclear-power de- 
velopment might be increased if assistance were offered 
beyond that available through the Power Demonstration 
Xeactor Program. The capital grant appeared to be a 
logical form of increased assistance. In particular, we 
felt that, coupled with a provision that reactor s 
would be selected by the Commission, it would lead to 
minimum distortion of nuclear-power technology. 

Referring to the specific wording of your question, 
asking whether industry would “step up reactor pro- 
gramming as a result of the capital-grant availability,” it 
is necessary to point out that the “programming” of re- 
actors eligible for the capital grant would be determined 
by the Commission. t is, the Commission would 
specify the type, approximate size, schedule, and con- 
ceptual design of the —_ involved. We believe, 
however, that the availability of the capital grant for 
these selected projects would give greater assurance that 
the projects would proceed under cooperative arrange- 
ments with industry. 

The “impact” of capital grants and the program pro- 
“age for t dministration of these grants i caaenes to 
ve reflected in two ways: (1) closer collaboration be- 
tween industry and the AEC in the evaluation of reactor 
concepts in light of current technology, and (2) in- 
creased competition in industry with improved incentives 
for cost reductions. 
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peaceful application tion? Do you feel the 
radiation Poo mene should be doing something it isn’t to 
peaceful application? 


Isotopes 
prove to be one of the 
tion has made to rapidly enhance its welfare, economy 
and international my Had I been a member of 
I 


the Commission DP was considered, I would 
have enthusi endorsed it, as I do now, as a prin- 
cipal facet of our atomic energy development. 

The IDP stems the wide gap existing between 
— advancing nuclear techno! and a realization 
by industry and the country of the ts to be gained 


from appl this technology in all fields. The major 
activities oe rogram provide a frame-work to sup- 
port the pea applications of isot and radiation. 
In light of the benefits and potentials of isot and 
radiation, one could readily justify a level of effort sev- 
eral times greater than at present. The IDP is new, 
however, and we consider it prudent first to carefully 
define immediate development = bape long-range 

rogram requirements. N: of support in 
the future will depend upon the unfolding of new tech- 
niques and opportunities and upon the = of closing 
the gap between potentials and their realization. 

We are nee Sera? to undertake privately 
all the isotope and radiation development work it possi- 
bly can. However, a majority of industrial companies 
developing isotope applications are small concerns with 
limited financial means for undertaking required devel- 
opment programs. In the field of high-intensity radia- 
tion, the government is at present the sole source of mas- 
sive quantities of radiation power from radioisotopes, 
fission products and reactors and, consequently, must see 
that the radiation is provided and with benefit to 
the national economy. 

As the atomic industry grows one can foresee increas- 
ing amounts of radiation as a useful by-product or even 
a major product of reactors. Development of this field 
is an integral mg of developing peaceful uses of atomic 
energy. To extent its financial and technical re- 
sources it, it is my impression that industry in gen- 
eral is doing the best it can to develop isotopes and 
radiation applications. 


LATE NEWS AT PRESS CLOSE 


© The President approved Federal construction of a 
$168-million, 15-Bev (later 45-Bev), two-mile-long lin- 
ear accelerator at Stanford Univ. His science advisors 
also urged upping outlay for accelerators from $59-mil- 
lion in fiscal 59 to $135-million/yr by fiscal ’63. 

® nucLeonics’ London Bureau : breakup of the 
English Electric-Babcock & Wilcox Ltd. group is in 
sight; English Electric is rted entering a close tie 
with Atomics International; fifth consortium, Atomic 
Power Constructions Ltd. (Richardsons Westgarth, 
Crompton Parkinson, Fairey Aviation, others), will get 
the Trawsfynydd job, its first; Fairey has developed an 
outstanding, annular, fuel element for it. 

® AEC was reported having second thoughts last 
month about supporting one or more privately-built test 
reactors (NU, March ‘59, 24). Under study was this 
alternative—AEC construction of a large, high-flux fa- 
cility. 
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Presenting: World’s First Nuclear Merchant Ship... 

























--- And a Candidate for World’s First Nuclear Tanker 


MARITIME Administration's 
conception of the tanker it 
wants Congress to authorize 
this year (NU, April '57, 
85). The 60,000 dead- 
weight ton T-7_ tanker 
would be 827 ft over-all, 
104 ft in beam, with 30,- 
000 shaft hp, 525,000 bb! 
capacity, a crew of 49. 
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Photos taken last month show Savan- 
nah less than three months before 
her launching, set for July 21 with 
Mrs. Dwight D. Eisenhower as 
sponsor. In bow view (left), 
highest plates are A-deck; note cyl- 
inder (near top of photo) which is 
access tube to reactor containment 
envelope. Photo (right) shows how 
envelope is installed; close-up (be- 
low, right) shows envelope in detail. 
Full-scale mockup (below, left) was 
built to help plan installation of 
primary components in envelope. 
The 105-ton, 28-ft high reactor vessel 
was shipped last month from Babcock 
& Wilcox’s Ohio shops and has been 
installed; the 21 control-rod drives are 
being tested tilted 30° from vertical. 


ONLY A DREAM 2% years 
ago, N. S. Savannah takes 
on ship's shape on the 
ways of New York Ship- 
building Co. at Camden, 
N. J. She will be launched 
July 21. Compare _ this 
photo of an exact scale 
model with artist's con- 
ceptions, NU, Sept. °57, 
114, and Nov. ‘58, 78. 
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British Plan A-Ship Start, 
Study 8 Bids; Other News 


The cause of a first British nuclear 
merchant ship took a sudden big 
step forward last month. 

Eight competitive reactor designs 
for Britain’s first nuclear merchant 
ship—by seven industrial groups 
and the Atomic Energy Authority— 
are under urgent technical review 
by the Admiralty’s Civil Lord's 
Committee. After full assessment, 
the project will be “pressed forward 
with all possible speed,” the Ad- 
miralty says; “the goal of the 
Admiralty committee is the eco- 
nomic nuclear merchant ship.” 

Only three of the eight are gas- 
cooled. Several show great techni- 
cal innovations. All claim com- 
parable or even cheaper fuel costs 
per shaft horsepower than oil-fired 
plants. Three could be put to sea 
in three years. 

One bid is by a new group, 
Mitchell Engineering Ltd. of Lon- 
don and Fairfield Shipbuilding & 
Engineering Co. of Glasgow, who, 
together with Combustion Engi- 
neering, Inc., of New York, are 
offering a boiling-water reactor. 

General Electric Co.-Simon Carves 
claim a major breakthrough with a 
horizontal, compact version of the 
Windscale Advanced Gas Reactor. 
The AEA itself offers an adapted 
AGR. De Havilland nuclear grou 
submits a version of the High 
Temperature Gas Cooled design. 
AEI-John Thompson offers boiling 
water; Babcock & Wilcox Ltd., 
pressurized water; Hawker Siddeley 
Nuclear Power Co., organic mod- 
erated; Vickers Nuclear Engineer- 
ing, steam cooled, heavy water 
moderated. 

H. W. Bowker, head of AEA’s 
marine group, says—with a new 
— that the British didn’t dis- 
play on the subject at Geneva last 
September—that nuclear ships can 
operate at costs 5% higher than con- 
ventional by 1961, and be fully 


competitive in ten years. 


On the Nuclear Waterfront 
Other developments last month: 
®@ Electric Boat division of Gen- 
eral Dynamics has gotten a second, 
$37,681 contract from Maritime Ad- 
ministration to continue develop- 
ment work on nuclear submarine 


tankers. The new job covers design 
work and experimental hydrody- 
namic research including model 


tank-testing to determine optimum 
hull proportions and controllability 
for a 20-knot, 20,000-ton sub tanker. 
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Amendments to Euratom Act 
Asked on Fuel, Patents 


AEC has proposed two amend- 
ments to the Euratom Cooperation 
Act: (1) language authorizing use 
of a fuel-guarantee formula 
posed by AEC last fall (NU, Jan. 
59, 24), which relates AEC guar- 
antees to the $90-million ceiling on 
fuel subsidies; and (2) lan nge 
making it clear that AEC 
tain license rights only on fuel 
elements covered by its guarantees. 





Previous studies had shown an un- 
dersea craft of this size to be feasi- 
ble engineeringwise. 

® The keel for the Navy’s first nu- 
clear destroyer was laid May 15 at 
Bethlehem Steel’s Fore River Shi 
yard, Quincy, Mass. (NU, Nov. ’58, 
28). To be delivered in January 
1962, she will be named Bainbridge, 
for Commodore William Bainbridge, 
a War of 1812 naval hero. 

®@ The Charleston (S. C.) Naval 
Shipyard plans to set up a nuclear 

wer division. It announced re- 
cently it was hiring four engineers 
for training in the field. Construc- 
tion has started at the Naval Am- 
munition Depot at Charleston on 
Polaris missile facilities, and the 
navy yard will be equipped to han- 
dle repairs on Polaris subs. Lock- 
heed, which moved to enter the 
naval program recently (NU, May 
59, 35), will supervise the work; 
the firm is prime contractor for the 
Polaris missile. 

®@The Pentagon said it would 
award contracts early in July for 
three more Polaris subs authorized 
by Congress last year. They will 
bring to 33 the number of A-subs 
completed or under construction. 

© Skipjack, the Navy’s sixth A- 
sub and first of the whale-shaped, 
high-speed attack subs, was com- 
missioned, after going faster and 
deeper than any submarine had 
ever gone before. 

©The U. S. signed agreements 
with Britain and France providing 
for cooperation in developing nu- 
clear weapons and A-subs. Britain 
would get enriched uranium for the 
core of the Westinghouse-built re- 
actor to propel H.M.S. Dreadnought 
(see p. 30) as well as design in- 
formation on construction of nu- 
clear-powered submarines; France 
would get the fuel but no informa- 
tion (basically because of the exist- 
ence of a large Communist party in 
France). President De Gaulle has 
been pressing for a U. S.-built sub- 
marine reactor. 


AGENCY ACTIVITIES 


Quickening activities of the Inter- 
national Atomic Energy Agency in 
Vienna last month produced these 
highlights: 

@ A “functional laboratory” is to 
be built at Siebersdorf near Vienna, 
next to Austria’s first reactor, now 
building. IAEA accepted the U. S. 
offer to contribute $600,000 for con- 
struction and equipment including 
a research reactor and a radioisotope 


facility. 
@ U.S., U. K. and U. S. S. R. dele- 
tes signed agreements formalizing 
offers made by those countries 


to sell 5,000, 20 and 50 kg respec- 
tively of U™ to IAEA. The Agency 
now has 5,140 kw available (the 
U. S. is matching offers of other 
countries). The agreements do not 
contain the “hold less” clause 
so far a part of most bilaterals; this 
would make it more advantageous 
for a have-not country to get 
uranium from IAEA. 

@A technical assistance survey 
mission left for Formosa, Japan, the 
Philippines, South Korea and South 
Vietnam; another is going to — 
tina, Brazil and Venezuela. Techni- 
cal experts are going for longer 
periods to Burma, Greece and 
the United Arab Republic. 

@A study will be made of the 
possibility of setting up one or more 
isotope training centers in the Mid- 
dle East (Turkey and U.A.R. wran- 
gled over IAEA aid to existing cen- 
ters at Ankara and Cairo). 

@ South Africa has offered to 
supply 1,000 tons of uranium oxide 
to A at $18/kg, dropping its 
price from $21 quoted in January 
to meet a Belgian offer at $18. 

@ Volun cash contributions 
now total $1,046,414 to IAEA’s 
General Fund, intended for techni- 
cal assistance, fellowships and train- 
ing. $1.5-million is sought. 


Nuclear Blimp Offered 
Goodyear Aircraft Co. said it 
could build, for 1963 ration, a 
540-ft nuclear blimp (three times 
larger than the Navy’s present anti- 
submarine patrol blimps) to travel 
at 90 mph at 10, ft altitude. 
The blimp’s buoyancy would permit 
use of a reactor with one-twentieth 
the power needed to lift an airplane. 


Plutonium Plant Opened 

Argonne dedicated its $4-million 
Fuel Fabrication Facility to do re- 
search and development on pluto- 
nium fuel elements (NU, June 58, 
21). 
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AEC’s Inspection Team: Small But Effective 


Fourteen years after Hiroshima and Nagasaki, it is 
generally assumed within the nucleonics industry that 
public wariness of nuclear energy is such that a major 
nuclear incident could wipe out years of effort by 
government and industry. This latent “scare” capability 
of radiation—demonstrated most recently by the excite- 
ment over fallout—has given unusual importance to 
safety in the nucleonics industry. It has also helped to 
make a little easier the task assigned to the 50-man in- 





spection nization of AEC. 
= “Accidents can cost more than safety, 
A particularly in this industry,”. an AEC 


fficial ints out. “Most le and 
ROUNDUP | ° ae iggy 


most managements realize this. Fae. 

fore, there is little [AEC-indus con- 
Feature flict in this field. ... The old saw 
that ‘safety is money’ is not an old saw in this business.” 

The Division of Inspection and the Division of Mili- 
tary Applications are the only divisions specifically 
established by Congress in the 54 Atomic Energy Act. 

“The Inspection division,” the 1954 Act sets out, 
“shall be responsible for gathering information to show 
whether or not the contractors, licensees, and officers 
and employees of the Commission are complying with 
the provisions of this act (except those provisions for 
which the Federal Bureau of Investigation is responsi- 
ble) and the appropriate rules and regulations of the 
Commission.” 

Two aspects of the division’s organization stand out: 
it’s small and it’s decentralized. Division Director 
Curtis A. Nelson, who has been in charge since the 
division was organized late in 1954, has less than a 
dozen professionals working for him at Germantown; 
some 40 others work out of AEC operations offices—in- 
specting materials licensees under rules established by 
: Nelson's office. 

Of the division’s three branches only one concerns 
itself with the nucleonics industry as such: this is the 
compliance branch under Marvin Mann. The other 
branches—management appraisal and investigation— 
concern themselves with internal matters such as the 
efficiency of AEC’s divisions and operations offices and 
the investigation of complaints against the Commission 
or its contractors (for example, injury claims from people 
near the Nevada test site) . 

Mann’s four-man compliance branch has inspection 

ibility for all licensees (there are 3-4,000, who 
hold 6-8,000 licenses of both the facility and materials 
type). Mann and Peter A. Morris make up a reactor- 
i ion team with full responsibility for inspection of 
these facilities; the materials-inspection process is a 
delegated one managed by L. David Low (administra- 
tion) and Claire C. Palmiter (technical). Ground rules 
for materials-licensee inspections are laid down by the 
compliance branch but virtually all inspections are made 
by personnel of the operations offices. 


EFFECTIVENESS 

Mann’s compliance group confidently contends it has 
done a good job with radiation safety despite its small 
staff. e accident record among the 3-4,000 licen- 
sees tends to a this. There have been no fatali- 
ties in the two-plus years during which the inspection 
program has been fully operational and only a handful 
of minor over-exposures to radiation. The branch has no 
jurisdiction over government facilities. 

In the most recent full year—1958—there were four 
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incidents at reactor facilities (none involving the reactor 
itself) and 18 nonreactor incidents. None of these in- 
volved more than a few roentgens of radiation exposure. 

The safety record for the licensee program is good, 
the’ compliance branch asserts, because (1) AEC’s in- 
spectors have hammered away at basic safety precau- 
tions such as proper supervision and adequate pro- 
cedures; and (2) because of management’s recognition 
that safety is an unusually large economic factor in the 
nucleonics field. 

“We feel,” says Mann, “that management, organiza- 
tion and procedure are the keys to safe operation. 
There is no question but what technical talent and ex- 
perience are necessary in many operations. But techni- 
cal talent and experience are, in our view, not sufficient 
by any means. . . 

“You've got to have a good procedure and supervision 
has to see that it is “t xed. The operator [at the 
console of a reactor] really doesn’t have to know any 
more about a neutron than the newsboy down on the 
corner. 

A critic of the AEC inspection system has had this to 
say: “You can judge the effectiveness of the Inspection 
division by the paucity of the inspectors.” Nelson, 
Mann & Co. argue, in rebuttal, that this is a fallacious 
argument having no bearing on the real goals of an in- 
spection system: to educate the users in — con- 
sciousness and to encourage the wide adoption of effec- 
tive safety procedures. 

“To put a man 24 hours a day on a licensee is, in 
effect, relieving management of its responsibility for safe 
operation,” Mann insists. “In that situation you have 
divided responsibility—and there can be no more 
potent force in the direction of unsafe operation.” 

The entire inspection force—at both headquarters 
and operations offices—has been increased by 5-6 men 
in the current fiscal year and the total will be brought 
to about 60 during fiscal ’60. 

“If the number of licensees should increase sharply 
over the next couple of years, we would expect to adjust 
the number accordingly.” 

Unlike most other compliance agencies, the branch 
has no authority to demand action by a licensee. It is 
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not an enforcement agency; rather, as stated by the 54 
Act, it is “responsible for gathering information.” Its 
formal course of action is restri to discussion of a 
problem with a licensee and the filing of recommenda- 
tions for action by the AEC general manager. 

In the manner of a law-enforcement officer giving a 
lecture instead of a ticket, however, AEC’s inspectors 
are able to do much informally to promote compliance. 
The inspectors enter a licensee's place of business with a 
4-point check list: specific compliance with the license, 
regulations and law; over-all safety; management effec- 
tiveness (attitudes and qualifications of the managers 
themselves); and effectiveness of the safety procedures. 

First step is to discuss with agg k anes the purposes 
of the inspection system—the “educational process.” 
After the inspection is made there are further talks: 

“We sit down with management and tell them what 
we see and how it strikes us... . We do not suggest 
specific action to a licensee. If we did suggest specific 
solutions we would no ——_ be objective. We can— 
and do—point out areas of difficulty. 

“However, we make it a point to discuss with the 
licensee what will be reported to the general manager. 
Frequently, the licensee takes action before the inspector 
leaves the site... .” 

Another major difference between AEC’s and other 
compliance agencies is the importance of technical know- 
how to the inspector’s qualifications. AEC personnel 
must not only expertise themselves on the law and 
regulations but they must be technically experienced, as 
well, in the handling of radioactive materials. Also, they 
must know how to deal with management. 





Mann on Safety: 


“I believe that to attain consistently safe oper- 
ation with radioactive materials and nuclear re- 
actors it is necessary that an operation be inde- 
pendent of the vagaries and idiosyncracies of in- 
dividuals. 

“One basic approach to such independence is 
the proper use of a e (written) procedures. 
‘Proper use’ of procedures implies undeviating use 
by persons trained and skilled in the procedures 
themselves. These people need not have any 
other special training. ‘Appropriate procedures’ 
are those that are tech sound, practical in 
application, and complete in coverage. All normal 
operations and all conceivable abnormal 
(emergencies) should be dealt with in detail. 

“Finally, the fulfillment and maintenance o, 
these objectives require a system for periodic 
supervisory or managerial review. By such a 
system, ement is able to discharge its prin- 
cipal responsibility for safety.” 
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Morris Low 


REACTOR INSPECTION 


Hanging on a wall of the compliance-branch office is 
a bar chart showing at a glance the last visit to each 
of the country’s non-AEC reactors—about 40 in opera- 
tion and another 10 in various stages of construction. 
Mann and Morris have personal ibility for the 
inspection of these plants. They get help from qualified 
people in the Chicago and San Francisco operations 
offices—but during inspections the operations 
personnel are on temporary detail and report directly to 
Mann. 

Officially, Mann and Morris enter the picture when a 
construction permit is issued; unofficially, they take an 
interest much earlier to get a feel for the safety aspects 
before construction gets started. 

“As often as is practical,” Mann explains, “we sit in 
on the design of the reactors. ... We pay visits to 
the designer to become acquainted with the machine.” 

In its simplest terms the i ’s job is to check 
out the machine and the people who run it: “The 
facility and its design determine the potential for hazard. 
Depending on the le, the potential hazard can be 
(1) minimized, (2) unchanged or (3) realized.” 

While Germantown has not delegated authority for 
reactor = agen the day is not too distant when it 
will proba Vy relinquish po nage for research-type 
reactors to the operations offices (laying down inspection 
ground-rules but letting operations people make the in- 


spections) . 

As the compliance branch is moving toward a delega- 
tion of its reactor-inspection authority, so the AEC itself 
is moving toward a delegation of some of its over-all 
i ion authority. The Commission recently com- 
pleted its first informal cooperative arrangement with a 
state government—Connecticut—to bring state-level in- 
—— into the picture for small users like doctors; 

, AEC has suggested to Congress that the '54 Act 
be amended to it formal a 


permit nts of this type 
(NU, May ’59, 27). Well over 


of AEC’s licensees 


fall into this small-user category and sit near the bottom 
of the inspection-priority list (inspection every 2-5 
years). 


In fact, only some 30% of licensees have operations 
which are felt to require inspections at least once a year. 
At the top of the list now are reactors (as many as one 
—— a month) and other major facilities such as 
fuel-fabrication plants; also high on the list are radio- 
graphers who use multicurie sources for non-destructive 
testing and the more complex industrial and hospital 
operations. 

On the basis of its more than two years of inspection 
experience, AEC is conducting a major revision of its 
priority list and the result will be a downgrading in the 
= of some operations and an upgrading of 
others. 
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AEC Proposes Changes 


in Indemnity Rules, Act 


The Atomic Energy Commission 
FH. to close “Bape + its in- 
regulations under the Price- 
Anderson Act. And, in addition, 
Con appears willing to go along 
with’ AEC aceaens’ fer amend- 
ment of the Act itself. At the same 
time, however, bipartisan sentiment 
is growing within the Joint Commit- 
tee on Atomic Energy to go slow 
on the Euratom program and any 
pec welpowas rer program until 
knotty indemnity problems are 
solved in those «Al 
Rep. Chet Holifield (D-Calif.), 
in g foreign nations with 
foot-dragging on the indemnity 
problem, commented that “it’s time 
to fish or cut bait.” His comment 
came at hearings of the Joint Com- 
mittee on Atomic Energy last month 





Compulsory Licensing Set 
for Another Five Years 


Another five years of tough patent 
policies by the Atomic Energy Com- 
mission is in store for the nucleonics 
industry. Extension of the compul- 
sory licensing provision of the 1954 
Act was virtually guaranteed in late 
April when AEC asked Congress to 
extend it for five years beyond the 
Sept. 1, 1959, expiration date. 

Appearing at hearings of the 
Joint Committee on Atomic Energy, 
AEC General Counsel Olsen said: 

“Some have asserted that the 
time is past when a few contractors 
can secure a preferential position 
with respect to technology or patents 
by virtue of being contractors. It 
is believed that the possibility for 
preferred positions stil exists. 

“While the AEC has a large 
number of contractors, both large 
and small, most of the programmatic 
research and development is per- 
formed by relatively few contractors. 
Today approximately 90% of the in- 
ventions reported under Commission 
contracts have been reported by 
some 14 Commission contractors.” 

Only one industrial spokesman 
and a few patent attorneys and as- 
sociation kesmen showed. up at 
the JCAE hearings to plead indus- 
try’s case for greater private de- 
velopment of atomic energy through 
patent incentives. 

JCAE’s Chet Holifield (D-Calif.), 
an advocate of compulsory licensing, 
commented on industry's “apparent 
satisfaction” with present law and 
said he was “extremely” disappointed 
more AEC contractors didn't testify. 


on the Price-Anderson Act. AEC 
spokesmen used the occasion to an- 
nounce issuance of a proposed revi- 
sion of its temporary regulations. 
Principal features are: 

1. The method for determining 
the amount of financial protection 
or insurance required of licensees 
would be modified, and the minimum 
requirement would be raised. 

For all power and testing reactors, 
and for other types with thermal 
“tates levels above 10 megawatts, 
nancial protection required would 
range from $3.5-million to $60- 
million. Although the thermal power 
level would still be the basic guide, 
population density around the re- 
actor would be taken into account. 

Financial protection of $1-million 
would be required for other reactors 
with thermal power levels not ex- 
ceeding 10 kw, $1.5-million for 10- 
kw-to-l-Mw reactors, and $2.5-mil- 
lion for 1-to-10-Mw reactors. 

2. Financial protection of $1- 
million would be required of con- 
struction permit holders who are 
authorized to possess and store 
special nuclear materials at the re- 
actor site before the reactor goes 
into operation. AEC indemnity 
coverage would go into effect at the 
same time. 

8. Procedures would be provided 
for exempting federal agencies and 
non-profit educational institutions 
from the financial protection re- 
quirements. Commission indemnity 
would still be available. 

The industry was invited to sub- 
mit comments on the proposed re- 
visions during May. 


Amend the Act 

Harold L. Price, director of AEC’s 
Division of Licensing and Regula- 
tion, also recommended two revi- 
sions of the Price-Anderson Act. 

One would make it clear that 
government indemnity does not 
cover property on the reactor site, 
since commercial insurance for such 
property is available up to $60-mil- 
lion. The other is aimed at filling 
the “gap” in coverage which could 
result when one nuclear incident has 
occurred, and the licensee has not 
had time to obtain reinstatement of 
the full value of his policy. AEC 
would be authorized to fill the 
coverage “gap” until reinstatement 
can be renegotiated. 

Both Republican and Democratic 
committee members put both AEC 
and the foreign governments on 
notice that their patience is wearing 
thin on a European liability solution 
—that congressional support of the 


Euratom oy omen hinges on a solu- 
tion to the foreign liability puzzle. 

“We are facing pretty soon an 
authorization bill which carries $14- 
million for Euratom which might be 
made contingent on the possibility 
of remedying these problems,” said 
Rep. Carl Durham (D-N. C.). 

Committee members also warned 
against any assumption that Con- 
gress will extend Price-Anderson or 
Savannah-type indemnity to nuclear- 
propelled merchant ships. 

When Richard P. Godwin of 
AEC’s Maritime Reactors Branch 
testified that discussions among the 
U. S. and other nations are still in 
the “formative” stage, Hblifield 
commented: 

“What the maritime people and 
the insurance companies are waiting 
for now is for us to bail them out 
as we bailed out the reactor builders 
in the U. S.” 





Forum, ANS Pull Out 


Of Nuclear Congress 


Ending an uneasy partnership, the 
American Nuclear Society and the 
Atomic Industrial Forum have pulled 
out of the annual Nuclear Congress 
in which they have participated the 
last two years with the Engineers’ 
Joint Council. The two will col- 
laborate in staging one major con- 
ference in the fall of each year. 

ANS and the Forum will be 
joined by the annual Hot Labs and 
Equipment Conference, which last 
month reorganized as a professional 
division of ANS. 

The Forum plans to resume sole 
sponsorship of its annual trade show, 
Atomfair, next year and is polling 
its members to determine exhibitor 
response to the idea. 

EJC meanwhile plans to continue 
its own series of Nuclear Congresses, 
and says it will continue its associa- 
tion with the management confer- 
ence sponsored by the National In- 
dustrial Conference Board. 

The Forum-ANS annual meetings 
will be staged within one week, with 
the Forum sessions Monday through 
Wednesday, the ANS sessions 
Wednesday through Friday, and the 
Atomfair Monday through Thurs- 
day. Present plans call for such co- 
ordinated meetings in Washington 
this fall, in San Francisco in 1960 
and in New York in 1961. 

The Forum published a com- 
pendium of 56 excerpts from letters 
received by it in response to a call 
for comments on the action; most of 
them appended the adjective “heart- 
ily” to the verbs “agree” or “concur.” 
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Reactor News 


PG&E PLANNING THIRD A-PLANT 


Pacific Gas & Electric Co,, first U. S. utility to generate 
nuclear electricity (at GE’s 5-Mw(e) Vallecitos reactor) 
and now building the 60-Mw(e) Humboldt Bay boiling- 
water plant, is considering a 200-350 Mw(e) reactor 
to be built in the San Francisco Bay area for 1965 com- 
pletion, president Norman R. Sutherland said. Decision 
to build it depends on achieving a design to attain 6% 
mills/kwh power cost. “We are looked on as a bit 
loony,” Sutherland confided to reporters, “but we think 
nuclear power can be competitive in five years, not 10 
as some of the people in East think.” Meanwhile 
the turbine design for Humboldt Bay has been upped to 
70 Mw (original reactor design was for 50 Mw output). 


CANADA STARTS ORGANIC PROJECT 


Atomic Energy of Canada Ltd. has awarded a $600,000 
contract to Canadian General Electric Co. for a design 
study and development work on an organic-cooled 
power reactor. The unit would still use heavy water 
for moderation and natural uranium as fuel, as in all 
other Canadian reactors (except the two swimming- 
pools). Interest in organic cooling has been growing in 
Canada as polyphenyls cost 40¢/lb while D:O is $28/Ib; 
it’s felt an i ayer nuclear plant might not only 
be economic for Canadian power stations generally, but 
also particularly attractive for remote—such as Arctic— 
locations. In fact the Department of Northern Affairs 
and the Northern Canada Power Commission partici- 
pated with AECL in the decision to embark on OCDRE 
(Organic Cooled, Deuterium Reactor Experiment). 


TRIPLE ADVANCE FOR SUPERHEAT REACTORS 


Nuclear superheating was much in the news last month: 

1. Vallecitos. In an experiment carried out in an 
in-pile demonstration loop in the core of the Vallecitos 
boiling reactor, superheated steam was produced last 
month. The experiment, called SADE (for Superheat 
Advance Demonstration Experiment), uses uranium 
oxide fuel to superheat steam from the reactor. Special 
instrumentation measures steam temperature, pressure 
and flow in the process tube in the core. First phase 
of the program will last several weeks, has as its 
objective to demonstrate feasibility of using steam as a 
reactor coolant; long-range use of VBWR for superheat 
fuel development is planned, as part of General Elec- 
tric’s Operation Sunrise (NU, Nov. ’58, 19). 

2. AEC. Eight proposals have come in to AEC in 
answer to its call for bids to do engineering development 
work on promising concepts and materials for advanced 
reactors producing superheated steam (NU, April °59, 
18). They came from American Standard’s: new Ad- 
vanced Technology Laboratories division; Atomics In- 
ternational; Battelle; Combustion Engineering; General 
Electric; Nuclear Development Corp. of America; Nu- 
clear Metals; and Westinghouse. 

3. Northern States. AEC announced completion of 
the contract modification whereby Northern States 
Power Co. is authorized to use the two-region super- 
heating core designed by Allis-Chalmers (NU, April ’58, 
22; March 59, 25) for the 66-Mw/(e) boiling reactor to 
be built at Sioux Falls, S. D. 

To round out the picture of superheat activity, Nu- 
CLEONICS ascertained the state of progress on the two 
other projects in this area. Argonne is progressing with 
design of Borax-5, which will be built on the site, and 
use as much as possible, of the dismantled Borax-4 at 
the Idaho test station (NU, Jan. 59, 27). A new pres- 
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sure vessel to sustain the higher pressures will be built, 
a new pit will be dug, the building will be enlarged, and 
instrumentation i but the old 3.5-Mw turbine, 
water-supply system, etc., will be reused. Construction 
is to start thi ere ee we wt 

. And AEC is evaluating a 
preliminary design submitted recently by General Nu- 
clear Engineering . on BONUS (BOiling NUclear 
Superheat), the 15-Mw/(e) plant being developed for 
Puerto Rico (NU, Dec. ’58, Be). AEC may undertake 
some research and ig 3 work to carry the proj- 
ect further; meanwhile GNEC is working on a more 
detailed design. 


KAISER TO BUILD HANFORD REACTOR 


AEC has chosen Kaiser Engineers from among 14 firms 
bidding to be principal constructor on the new plutonium 
— reactor, ninth to be built at Hanford. The 

145-million pressurized-water graphite-moderated unit, 
authorized by Congress last year, is being designed by 
General Electric, operator of Hanford, with Burns & Roe 
as architect-engineer for the supporting facilities. 
Kaiser, which built the last two Hanford reactors, will 
get a cost-type contract, four years to carry it out. 

Reversing previous Administration policy, AEC chair- 
man McCone announced acceptance of convertibility for 
the big reactor. (JCAE had insisted last year that the 
plant should be designed for an eventual dual-purpose 
role, being built at first as a production reactor only but 
with features incorporated permitting its conversion later 
for power take-off as well. President Eisenhower him- 
self termed the project “unsound,” criticizing it in gen- 
eral and the convertibility plan in particular.) The out- 
put of the reactor, when and if converted, has been 
placed at 300-900 Mw(e); if it reaches the latter figure, 
it would be by far the world’s biggest. Britain’s two 
Hinkley Point reactors, each with Mw(e) capacity, 
are the biggest now actually under construction, and 
Britain recently announced plans for a pair of 500- 
Mw(e) units. 


CULLED ON THE REACTOR CIRCUIT 


Armour Research Foundation will increase the power 
level of its Atomic International solution-type research 
reactor from 10 to 100 kw. . . . Martin Co. and H. K. 
Ferguson have collaborated to design a 45-Mw/(th) pres- 
surized-water process-heat reactor that could deliver 
150,000 Ib/hr saturated steam at 150 psig, 366° F, for 
70¢/10° Btu. ... North Carolina State’s 500-watt 
homogeneous reactor, first U. S. private university unit, 
has been dismantled for relocation on the campus (NU, 
June ’57, 28); a new 10-kw reactor, to be completed 
this fall by Nucledyne Co., is going into the old shield. 


HUNGARY'S REACTOR CRITICAL; REDS BUILD 2 


The first reactor in Hungary, at Csillebére in the suburbs 
of Budapest, went critical March 25, it was announced 
last month. The 2-Mw Russian-supplied pool-type re- 
actor is identical to units already operating in Czecho- 
slovakia, Poland, Rumania and East Germany, and one 
not yet working in Bulgaria (a larger, 10- 
Mw(th) version is in operation in China and nearing 
completion in Yugoslavia). The Hungarians are now 
planning to build a subcritical reactor for use in design- 
ing a small power unit. . . . A previously unreported re- 
search reactor has been completed in Latvia, NUCLEON- 
ics learns; a 1-Mw unit has an started in Byelorussia. 
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2 N O Se 
World News 
France's G-2 on the Line . . . 





First commercial production of nuclear power in conti- 
nental Western Europe began April 22 when G-2 at 
Marcoule began feeding ag omy A into the French grid. 
G-2 had first gone critical for physics testing last July 
(NU, Aug. ’58, 19). Output was 130 Mw(th), 9 
Mw(e); over the next few weeks the reactor will be 
taken up to full power of 150 Mw(th), 25-30 Mw(e). 
G-3, an identical twin, is slated to go on the line in 
about six months. Like Calder Hall and Chapel Cross 
in Britain, G-2 and G-3 are me ae reactors built 
primarily to produce plutonium for defense. 


. « » Chapel Cross Also 


Ten days later Britain placed her second nuclear power 
plant, at Chapel Cross in southwest Scotland, in opera- 
tion when on May 2 the first of four reactors identical 
to the four at Calder Hall went on the line. It had first 
gone critical in November (NU, Dec. ’58, 26). 


Pot Stewing in Italy 

Engineer Gino Martinoli resigned as president of AGIP 
Nucleare, NuctEonics learned, following a rift with 
Enrico Mattei, head of ENI (the state-controlled gas 
and oil monopoly with responsibility for national energy 
sources), over the high cost of AGIP’s Calder-type nu- 
clear power plant at Latina. This comes on the heels of 
the resignation of Prof. Carlo Matteini from the presi- 
dency of SENN. The struggle of the technicians against 
the state industries and political functionaries is gaining 
momentum, and the present Ate eae ape 
government is seen as watching more closely the opera- 
tions of the state industries such as ENI. Observers 
feel although the technicians may have lost this round, 
they now have the government more nearly with them 
than before. . . . Newly-elected president of SENN is 
Tommaso Zerbi, professor of economics at Palermo Univ. 


First Big German Order Near, B&W Leads 


AKS,* a German utility combine, is on the point of plac- 
ing the first German order for a full-scale power reactor 
and the first under the joint U. S.Euratom program. 
Reports to NucLEoNtcs are that Babcock & Wilcox is in 
the lead, ahead of Westinghouse and General Electric, to 
get the order. B&W offers a pressurized-water reactor 
of 165-180 Mw/(e) at about $240/Mw/(e) capital cost 
(excluding land and interest). Fuel costs would be 1.2 
toon 0.24¢) /kwh, total power cost 3.8 pfennig 
0 
U 











764). Only the reactor would be imported from the 

. S—conventional equipment would be built in Ger- 
many (Brown, Boveri & Co., Mannheim, would furnish 
turbines and generators)—and this decision to let Ger- 
man firms participate as much as possible has reduced 
the price considerably over B&W’s initial offer. NuCcLE- 
onics also learned that RWE is likely to ask also for a 
detailed offer from B&W, but has not yet done so. 


Sweden Delays R-3, Turns Abroad for A-Power 


Completion of Sweden’s R-3—Adam reactor has been de- 
layed again: it will not go critical until 1962, on the line 
until 1963. Last fall Adam was dropped as a separate 
project and combined with R-3 (NU, Oct. ’58, 30); 
originally R-3 was to be operating by 1960-61. Rea- 





* AKS stands for Arbeitsgemeinschaft Baden-Wiirttemberg zum Studium 
der Errichtung eines Kernkraftwerkes Stuttgart. 


sons are understood to be: need for a larger rock cham- 
ber than has been excavated, need for additional under- 
ground structures and steel-clad concrete walls, and 
longer assembly time. Simultaneously, the State Power 
Board decided to invite bids for reactors of — 
types, for 1965 operation. If economically and tech- 
nically feasible, the Board will build such a plant as 
preparation for a aga to add 250 Mw(e) ay nuclear 
power per year in the early 1970's. These plans will 
not interfere, the Board emphasized, with development 
of Swedish-designed reactors. 


Rolls-Royce Ist U. K. Firm to Make Fuel 


Fuel elements for Britain’s first nuclear submarine H.M.S. 
Dreadnought will be fabricated by Rolls-Royce, first 
break in the monopoly the Atomic Energy Authority has 
held on fuel fabrication. Prime Minister Harold Mac- 
millan told Commons last month that the Admiralty 
would supply uranium to Rolls-Royce, which is Britain's 
desigusted agent for purchase of a Westinghouse SSW 
(Ss k-type) submarine reactor, and prospective 
builder of the reactor for the second British A-sub. 
Macmillan made it clear the uranium would remain the 


property of the Admiralty. 





Red Ink for AEI—John Thompson 


With more than half the construction period for Britain’s 
Berkeley nuclear station behind, it’s possible to estimate 
final outcome of AEI—John Thompson Nuclear Co.’s 
contract as a “substantial loss,” said Lord Chandos, chair- 
man of Associated Electrical Industries. The firm was 
also in the red for the year on its total nuclear work, 
including three research reactors. 





Nuclear Straws in the Wind from All Over 


Atomic Energy of Canada Ltd. made its first shipment 
of Canadian-made fuel elements abroad last month. 
The 290 54-Ib rods of natural U were sent by air to 
Switzerland for use in the heavy-water research reactor 
P-34 now building at Wiirenlingen. Also, Eldorado 
Mining & Refining Ltd., Canada’s Crown company for 
marketing natural uranium, announced successful testing 
of 3 tons of the metal to be shipped to Japan for the 
account of the International Atomic Energy Agency. 
. . . The Japanese themselves, however, were less for- 
tunate with their first batch of uranium produced in 
their newly-completed refinery (NU, May ’59, 34): the 
352 Ib of yellow cake from South Africa contained, after 
refining, excesses of impurities including 130 ppm each 
of nickel, iron and aluminum, 220 ppm carbon, and 40 
ppm nitrogen. Perplexed engineers think the metals 
may have come from the production water or from in- 
adequate cleaning of the facility. Production is sus- 
pended pending full investigation. . . . A Nuclear Insti- 
tute of the Austrian Universities has been set up by the 
Austrian Ministry of Education. It will be responsible 
for operation of Austria’s second reactor, the Triga. . . . 
Pintsch-Bamag of Butzbach, West Germany, has an 
order from the West German Atomics Ministry to build 
a heavy-water pilot plant, capacity 0.5 tons/yr. It will 
start construction next year near Frankfurt, next to the 
6-ton/yr i built recently by Héchst. P-B has long 
been working on its hot-cold, H:S process (NU, Nov. 
‘56, R11). ... Atomics International has shipped a 
10-watt solution-type (L-77) laboratory reactor to 
Mayagiiez, Puerto Rico, for the island’s Nuclear Center. 
vend Atomics is also building a pool-type research unit 
there. 
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News in Brief 


1959: The Year of Consolidation 

With more than half of its life still remaining, the year 
1959 appears already assured of a unique title: “The 
Year of Consolidation in the Nueleonics Industry.” Last 
month, the eighth, ninth and tenth mergers of the year 
were consummated when Allis-Chalmers acquired the 
Nuclear Products group of ACF Industries (see below), 
Baird-Atomic p four smaller firms, and Packard- 
Bell Electronics acquired a majority interest in Technical 
Industries Corp., Pasadena, Calif., a new nuclear-instru- 
ment firm. 

Acquired by Baird-Atomic for an u ified amount 
of stock were: Atomic Associates of New York and of 
California, Atomic Accessories, Inc., (and subsidiary, 
Atomic Film Badge Corp.), New York, and Atomic De- 
velopment and Machine Corp., New York. Baird had 
held minority interests in both Atomic Associates or- 
ganizations. 


Allis-Chalmers Strengthened by ACF Purchase 

A stronger, more diversified reactor manufacturer—Allis- 
Chalmers—has emerged from A-C’s purchase of the 
commercial reactor operation of ACF Industries. To its 
know-how in boiling-water and fusion technology, A-C 
has added a 190-man force with ca — in boiling- 
water (Elk River), gas reactors (AEC’s Ridge proj- 
ect) and test and research reactors. ACF’s manage- 
ment was reported as unhappy with the lack of profits 
to offset the liability risks of its commercial-reactor busi- 
ness. Board Chairman William T. Taylor said “it has 
become evident that future rewards in the commercial 
reactor field will accrue principally to companies dom- 
inant in the power-equipment industry.” 


Who Will Buy My Betatron? 

The Univ. of Chicago last month announced two “nib- 
bles” to this advertisement placed in several U. S. news- 
papers: “FOR SALE: 100-million-volt Betatron. Fully 
equipped 100-million-volt electron accelerator in good 
operating order, built by General Electric Corp. Has 
served as a fine instrument for basic research laboratory. 
Address: Clement Mokstad, Univ. of Chicago.” In- 
quiries to buy the 9-year-old machine came from pros- 
pects in Venezuela and Pakistan. 


Southern Nuclear Compact Adopted; Ratification Next 
The governors of 15 southern states have approved the 
Southern Interstate Compact on Nuclear Development, 
after watering it down to exclude all regulatory activi- 
ties. It will Foch effective after ratification by seven 
states and Congress. First of its kind in the U. S. and 
first industrial compact in the South, the agreement's 
main aim is to provide a climate in which nucleonics 
firms will be attracted to the area. While joint research 
facilities are authorized, the accent will be on services to 
the member states—in training, dissemination of infor- 
mation, help for regulatory officials and promotion of the 
industrial atom. 


AEC Official Hints Expiration of Canadian U Options 

In a mid-April speech to the Wyoming Mining Assn., 
Jesse C. Johnson, director of AEC’s Raw Materials div., 
has hinted that the U. S. will not take up options to 
buy Canadian uranium when these options expire 
March 31, 1961. Looking beyond then to the period 
1962-66, he said 84% of AEC’s U purchases ne ccm 
from domestic sources. While AEC also has options to 
buy Canadian U through 1966 at $8/lb, he added, 
“there is no commitment to exercise these options. . . .” 
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Nuclear Groups Organized in Cleveland, Detroit 

Two new nuclear groups have been formed in the Mid- 
Michigan Nucleonic Society, Univ. of Michigan. The 
former, under Executive Director W. B. Thomas, was 
established to e use of zirconium and provide a 
focal point for closer liaison between industry and gov- 
ernmental — The latter, formerly the Nucleonic 
Discussion Group, will “promote the exchange of scien- 
tific information and liaison between workers in nuclear 


science.” 


Goodrich, High Voltage Form Space Organization 

A firm to design, develop and manufacture ion- ° 
sion devices for ee of outer- 

been formed by B. F. Goodrich and High Voltage Engi- 
neering. It is ge etna oe on Astronautics, Inc., 
located at High Voltage dquarters in Burlington, 
Mass. Development of a laboratory ion-thrust unit, ac- 
cording to officials of the parent firms, “is well along the 
hed Officers of the joint venture include: A. John 
Gale of HVEC, president; and P. W. Perdriau of Good- 
rich, chairman. 


Battelle Takes on Depleted-U Study for AEC 

A study to define the market for depleted uranium out- 
side the nuclear field will be completed by Battelle 
Memorial Institute this month. C commissioned 
Battelle to make the three-month survey in hopes of 
boosting purchases of the “substantial annual tonnage” 
which is Soonntiae available as U-235 is removed. Non- 
nuclear use of depleted U has been permitted for a year 
(NU, July ’58, 22). 


Fallout, Safety, Fed-State Relations in News 

Fallout from nuclear weapons, radiation safety and fed- 
eral-state relations in the nuclear field all continued to 
make news in May as (1) the Joint Committee on 
Atomic Energy held a series of public hearings on the 
federal-state question; (2) AC's General Advisory 
Committee completed a report reassuring the public on 
the relatively minimal danger from fallout; (3) the Na- 
tional Committee on Radiation Protection and Measure- 
ments announced that a revised handbook will be avail- 
able in June on “Maximum Permissible Amounts of Ra- 
dioisotopes in the Human Body and Maximum Permissi- 
ble Concentrations in Air and Water” (some up, some 
down, some unchanged); (4) AEC proposed reducing 
life-time accumulated radiation doses of workers in con- 
trolled areas by one-third of existing limits; and (5) a 
Senate subcommittee on health hearings to lay the 
groundwork for possible legislation in 1960 requiring the 
gradual transfer of some AEC radiation responsibilities 
to the U. S. Public Health Service (NU, May ’59, 27). 


News in Brief Notes—Isotopes, UO: and Oil 

Within ten years 5-7,000 additional radiological special- 
ists will be required in the U. S., —— George G. 
Manov, technical director of Tracerlab’s Reactor Moni- 
toring Center, Richmond, Calif. Manov also estimated 
that 12,000 laboratories would be using radioisotopes by 
1969. . . . Mallinckrodt Nuclear . has won a con- 
tract to supply 20,000 Ib uranium oxide to General Elec- 
tric for eventual use in the German RWE reactor (NU, 
Nov. ’58, 25); final shipment to GE should be made in 
September. . . . Standard Oil of Indiana has contracted 
with Armour Research Foundation to sponsor a diversi- 
fied program of radiation research for oil, with emphasis 
on petroleum and petrochemical processing. 
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Europe Seeks Atom Independence; Market Prospects Dim 


STRESA 


A frenzied determination in continental Europe for total self-suffi- 
ciency both in design and construction of nuclear power stations and in 
fabrication of fuel elements was the most notable trend observed at the 
third industrial conference of the Organization for European Economic 


Cooperation, held last month at 
Stresa, Italy. 

Aim of the conference, Pierre 
Huet, director of OEEC’s European 
Nuclear Energy Agency, told Nv- 
CLEONICS, was to inject some realism 
into the nuclear scene in Europe. 
The short-term commercial poten- 
tial for nuclear power in continental 
Europe has been greatly overesti- 
mated, he said. He maintained, 
supported by many conferees, that 
the Continent has five years to get 
acquainted with nuclear technology; 
subsequently it should achieve self- 
sufficiency and eventually competi- 
tive status in the world market with 
second-generation reactor types. 

In an ENEA conference report, 
total nuclear installed capacity in 
Europe was put at 8,500 Mw by 





1965, and annual additions there- 
after at 2,500 Mw. Of this 20% 
would be bought in the U. S., repre- 
senting a cumulative total by 1965 
of $160-million, and $40-million/yr 
thereafter. 

But this target for installed ca- 
pacity and the American portion of 
it began to look extremely optimis- 
tic, according to a NUCLEONICS sur- 
vey of the conference delegates. 
Several doubted whether some of 
the continental projects would ever 
get built, and thought the remainder 
would have a ainfal and protracted 
birth. This feeling was reinforced 
by announcement by the Nether- 
lands that it was postponing indefi- 
nitely its 150-Mw(e) project planned 


Japanese Industry, Government Battle Down to Wire 
Over Policy Governing Foreign Licensing Agreements 
TOKYO 
The future course of Japan’s nuclear technological development is at 


stake in the latest round of a drawn-out battle between government and 
industry, as the former nears a policy decision on licensing arrangements 
with foreign firms. The principal protagonists: the Ministry of Inter- 


national Trade and _ Industry 
(MITI), whose job it is to recom- 
mend licensing policy to the Cabinet; 
the Finance Ministry and the Bank 
of jepen, who, in pursuit of their 
traditional policy to hold down for- 
eign-exchange expenditures, are try- 
ing to minimize licensing arrange- 
ments; and industrial groups, most 
or all of whom see their foreseeable 
nuclear future tied to foreign tech- 
nology. 

For more than two years, MITI 
has resisted all pressure from private 
firms for approval of nuclear-licen- 
sing agreements. For example, 
Mitsubishi Electric Mfg. Co. tes 
been trying without success to go 
ahead with a general nuclear agree- 
ment with Westinghouse, which is 
its principle licensor for other heavy 
electrical equipment (NU, Apr. ’57, 
17; Aug., 27; Nov. ’57, 19). Re- 
cently, Mitsubishi and other in- 
terested firms withdrew their license 
applications in anticipation of a new 
MITI policy now in formulation. 
When these new rules are laid 
down, a flood of applications is ex- 
pected, including Fuji Denki with 





U. K.’s General Electric Co., Tokyo 
Shibaura with U. S. General Elec- 
tric, and Mitsubishi with Westing- 
house (NU, May ’58, 23). 

Informed sources said MITI has 
been struggling with four licensing 
problem areas: 

1. Length of licenses. The Fi- 
nance Ministry would like duration 
of licenses to be as short as possible, 
because it considers all such ar- 
rangements as “mortgages” on for- 
eign exchange. But MITI is gener- 
ally felt to regard 10 years as the 
minimum for profitable use of a 
license. 

2. Home-made equipment. MITI 
is considering rules requiring maxi- 
mum use of equipment made in 
Japan. The Finance Ministry agrees 
with this proposal. Up to now, 
however, foreign reactor contractors 
have been reluctant to accept Jap- 
anese-produced equipment, though 
there is a trend toward home-made 
components to take advantage of 
lower labor costs. 


3. Royalty payments. Setting 


jointly with Belgium at Mol. Italy 
also announced a halving of its cur- 
rent nuclear research program for 
this year. 

The area for U. S. sales was seen 
largely confined to fuel-handling 
equipment, nuclear control systems, 
instrumentation and in special cases 
the vessel and core. One leading 
U. S. delegate told nuceonics that 
thereafter Europe would no longer 
be a market for nuclear components. 
With the exception of Italy, speak- 
ers from continental industries main- 
tained no real need for nuclear 
power existed there for the next five 
years. 

Discussions among 500 top Euro- 
pean management experts revealed 
a definite trend away from installa- 
tion of large power reactors in con- 
tinental Europe, toward more small- 
and jnedium-size power and re- 
search units, of both light-water 
and heavy-water moderated types. 
These two types, ENEA says, are 
likely to comprise two-thirds of re- 
actors installed on the Continent 
by 1965. 


the dates for payment of first royalty 
payments by Japanese licensees is 
MITI’s knottiest problem. Indus- 
try is anxious to complete the agree- 
ments and make initial royalty pay- 
ments as soon as possible, in order 
to take delivery on technological 
data. The Finance Ministry, how- 
ever, argues that it will be some 
time before Japanese firms can 
build reactor equipment on their 
own and there is no hurry in paying 
royalties. The industry rejoinder is 
that only one imported prototype is 
necessary to clear the way for do- 
mestic manufacture, despite the un- 
usual demands of the nuclear field. 

4. Number of licenses. The Fi- 
nance Ministry would like to see the 
total number of nuclear licenses 
limited. Therefore, one argument 
they advance against early agree- 
ments is that the U. S. manufactur- 
ing industry has not sufficiently con- 
solidated itself. They note the con- 
tinuing debate over reactor concepts 
and the trend toward merger. 

One industry spokesman, for ex- 
ample, said MITI and Finance Min- 
istry officials had suggested that the 
organic-moderated concept may turn 
out best in the U. S. and might be 
worth waiting for. Industry's an- 
swer to this is that the entire U. S. 
program is influenced by the abun- 
dance of conventional fuel sources 
but that Japan must proceed faster. 

Still another problem in Japan is 
that of nuclear liability indemnity. 
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Photograph of Actual Size Numbers 
on Cathode Ray Tube. 


Transistorized RCLiac 128 
with Direct Number Display 


The number of counts in each memory channel and the 
channel number are displayed on the cathode ray tube — 
32 channels at a time. Photographing these numbers 
and/or their spectrum provides immediate compact rec- 
ords and eliminates the necessity of space-consuming 
electro-mechanical printers. Rugged, Compact (21 x 19” 
x 24”), and portable (130 Ibs.), the RCLiac 128 Channel 
Scaler-Arlalyzer is ideal for laboratories where bench 
space is at a premium. 


Vacuum Tube RCL 256 
with Punched Paper Tape 


RCL's punched paper tape is compatible with most com- 
puters and ADP systems. In addition to the fixed and con- 
trol symbols you require, eight characters are needed to 
identify each of the analyzer's 256 channels and the num- 
ber of counts contained therein. The analyzer has a punch 
rate of 60 decimal characters per second. Punched paper 
tape is only one of the many outstanding features now 
available with the RCL 256 Channel Pulse Helght Analyzer, 
Model 20611. 


Only you can decide which type analyzer — transistorized or vacuum tube — best suits 
your needs. However, RCL — since it manufactures both types — can provide you with all 
the facts necessary to make your decision. Get the ‘Complete Analyzer Story’ from RCL. 


For complete information 
on both transistorized and 


vacuum tube analyzers, 


write RCL, Dept. 169. 
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Nucleonic Park . 


Skokie, Illinois, U. S. A. «+ 


RADIATION COUNTER LABORATORIES Inc. 


ORchard 3-8700 





REACTOR INSPECTION 
TELEVISION EQUIPMENT 


REACTOR CAMERA 


Television is a vital technique in the operation of gas-cooled 
reactors. The type of camera shown is in regular use at Calder Hall 
Nuclear Power Station, England; it carries its own lighting, and, in 
addition to visual inspection of the reactor interior, permits the 
removal of objects from the reactor using the special grab attach- 

ments. All the camera facilities are controlled remotely. 
The camera functions satisfactorily with radiation dose rates 
greater than 10° Rads. per hour; cooling gas, carried to the 
camera by the supporting hose, allows operation with ambient 

temperature of 150°C. 
Direct experience of such conditions over a number of 
years has enabled Pye to design cameras that will with- 
stand high levels of nuclear radiation, temperature and 
pressure. Models can be supplied for use in water- 
cooled reactors. If you have any specialised 
television requirements, contact Pye Ltd., and 
avail yourself of their experience. 















































This console gives 
complete remote 
control of the 
camera. It carries 
the picture monitor 
and the control unit. 
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FUELED BY SYLCOR 


Army Package Power Reactor, APPR-|, Corps of 
Engineers, Ft. Belvoir, Va. 
Core 2 


Army Package Power Reactor, APPR-IB. 
Complete critical loadig 


Belgium Materials and Bngineering Test Reactor (BR-2), 
Mol, Belgium 
Complete core and @itical loadings 


Brookhaven Gas-Cooffd Research Reactor, Upton, N.Y. 
Complete reloadig@—® and spares 


Brookhaven Medig#! Reactor, Upton, N.Y. 
Complete core ding 


Brookhaven N on Source Reactor, Upton, N.Y. 
Complete cog# loading 


Brookhaven ler Moderated Critical Facility, Upton, N.Y. 
Complete e loading 
Chalk Riveg#foo! Test Reactor (MITR), Chalk River, 
Ontario ada 
Compl core loading and spares 
Curtiss ight Pool Reactor, Quehanna, Pa. 
Ty e core loading and spares (According to 
right design and specifications) 


mic Power Plant (PRDC), Monroe, Mich. 
pading with blanket elements 


For every type o or... research, prg pratory Pool Reactor (I 


breeder...fast and thé there 
SYLCOR fuel loadings either in es 
Europe or the Mid-East. tor, Hamilton, Ontario, 

Whatever your plans for a reactq - vadi pares 
tion team, together with our scie@iE i compe amg all 
technicians are experienced in J : ge, Mass. 
control elements, or both, for your :  airepebemageen 

Indeed, the total of SYLCOR ex iy i Reactor, Cleveland, © 
for wa have aew tadted , Complete core loading . r 

u more ¢ Test Re wiing. N.Y. 

elements ...than any othe ercial 

We suggest you ‘ by SYLCOR” to ¥ ; = eee ceaaees 
scientific anda ical experience. e College Research Reactor, 

Meag B, send for ‘‘Nuclear Fuels: Key to . joading plus spares 
Pagf®tmance’’, ‘Bibliography of Effect of Radiatig@a on vorthe es Power Reactor, Sioux Falls, S. D. 

; 5 ee ‘ 2 Fuel fo iler critical loading 
Solids”, ‘‘“SYLCOR’s Package Fuel Plan’’ and negifdata Penn StateWAactor, State College, Pa. 
sheets and detailed drawings on SYLCOR’s four $@@mdard eamecares, aaa 

. ‘ . Production R ors, A.E.C., Savannah River, S. C. 

Fuel and Control Elements. Write Sylvania-Corni uclear Continuous Maadings 


Corporation, Bayside, L. |., New York. Triton Reactor, Silay, France 
Complete core ding plus spares 


nd spares 


e Administration Test 


University of Florida Gainesville, Fla. 
Argonaut type; coW@plete loading plus spares 


@i-: 


\/ 
SYLVANIA— D C CORAM NG 
A NUCLEAR CORP. 





CRL manipulators... 
AS OBEDIENT AS YOUR HAND! 


Slave ends of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 

Simplicity of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship .. . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 

Central Research Laboratories will be 
glad to advise you on the handling of 
radioactive materials, explosives, hazard- 
ous chemicals, biological materials—in the 
layout of hot cells—in other research areas, 
too. For complete information, write CRL 
today. 
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Central Research 

Manipulators from basic ‘onli | 

Argonne National 

Laboratory design laboratories, inc. 


Red Wing, Minnesota, Dept. 101 
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Experience — the added a//oy in Allegheny Stainless 


een ir 


“J \\ 


looking for thin walls in big diameters? 


A-L now offers a wide range of stainless 


seamless tubing with walls as thin as .013”. 


From what other source would you expect to get stainless 
seamless tubing of 34%’’ OD with walls as thin as .058’’ and 
in the widest range of materials anywhere to fit a broad 
range of requirements in new products and processes? 

Allegheny Stainless Tubing ranges for *%’’ OD to 3%”’ 
OD with wall thickness from .013’’ to .375’’. Typical of 
the specials A-L can make are 2%’ OD—.032”’ wall thick- 
ness, 3’ OD—.042”’ wall thickness and 3%’’ OD—.058”’ 
wall thickness. All sizes with true circularity, no dents or 
handling marks. 

Stainless seamless tubing 1s made in all stainless grades 
including 309, 317, 318, 310, 416 and 446—normally 


wsw 7626 


difficult to obtain: For special high-temperature applica- 
tions, A-L produces tubing in high-strength alloys such as 
A-286, and in vacuum melted steels and alloys. Also in 
custom analyses such as low cobalt (.01-.05) grades and 
with boron additions to standard grades 

A-L also makes composite tubes with bonded combina- 
tions of carbon and stainless steels and other metals for 
unusual corrosion applications in process equipment. 

Allegheny Ludlum Tubing is available in small orders in 
random or cut lengths. Standard grades in stock through- 
out the country. 

Write for your copy of Allegheny Ludlum Stainless Tub- 
ng or call your A-L representative for all the help you need. 
Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. NC-18 


NEW! 

FREE—A-L’s new book on stainless 
tubing. 32-pages of technical data, 
sizes, gradesand suggested applications. 


ALLEGHENY LUDLUM 


AL for warehouse delivery of Allegheny Stainless, call RYERSON 


Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS... 
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DEPENDABILITY 
DEMONSTRATED 


Now...basic characteristics 


of Metal Mold Centrifugal Casting 


contribute to the reliability 


of new Lacrosse Missile 














THE ARMY'S 
LACROSSE MISSILE 


U.S. Pipe supplies the barrel nozzle in a Cr-Mo-V low alloy 
steel analysis, heat treated to the following minimums: 
95,000 psi tensile strength, 75,000 psi yield strength, and 
10% elongation. This alloy is specifically designed to meet 
exacting military specifications. Various other analyses in 
carbon, alloy and stainless steel are produced. 


Centrifugal casting, a direct production approach to 
quality, is now finding new and increasingly useful 
applications in rocketry and missile engineering. 


U.S. Pipe, for example, supplies the alloy steel barrel 
nozzles for the Army’s pew Missile as semi- 
finished, partially hot-forged lengths. These pro- 
duction pieces are being supplied to The Martin 
Company, Orlando, Florida — prime contractor for 
the prado and to Parish Pressed Steel, Reading, 
Pennsylvania — subcontractor to The Martin Com- 
pany. The contractors then finish machine them for 
assembly in the propulsion units. 


Centrifugal casting offers ordnance design engineers 
several outstanding advantages: 


1. Versatility. Many different alloy and stainless steel 


UNITED STATES PIPE & FOUNDRY CoO. 


SU und hibes Livin 





analyses, sizes and contours can be produced starting 
with a hollow billet. 


2. Dependability. Years of experience in producing 
metal mold centrifugal castings assures high quality 
and reproducibility. 


3. Economy. Maximum utilization of the right 
material produced with a minimum of processing to 
achieve overall efficiency. 

Can these basic qualities meet the requirements and 
lower the cost of your material needs? Write today 
and outline your particular problem. 


Size Range & Composition Flexibility 
Outside Diameter —6” to 60” «+ Wall Thickness —%”" and up 
Length — Up to 25’ 
Types of Steel Cast, Carbon, Alloy and Stainiess—all stand- 
ard AIS! and ACI grades. 


BURLINGTON, NEW JERSEY 
SALES OFFICES: BURLINGTON, BOSTON, BIRMINGHAM, CHICAGO, CLEVELAND, LOS ANGELES, NEW YORK, PITTSBURGH, SAN FRANCISCO, ST. LOUIS 








N/S SAVANNAH —from ship model. Will travel 350,000 miles without 
refueling. Estimated speed: 20.25 knots. Built under joint sponsorship of AEC 


Another “First” for Crane 


nuclear valves... Coolant 
control on the N/S Savannah! 


When the historic N/S Savannah—first atomic- 
powered merchant vessel— goes into service in 1960, 
flow of the coolant water for the reactor will be con- 
trolled by Crane valves. 

The choice of Crane valves for controlling fluids in 
marine reactors began with the U.S.S. Nautilus. 
Since then, virtually all atomic-powered submarines 
and surface vessels, now in service or under construc- 
tion, have been equipped with Crane reactor valves. 

The same type of safe, dependable Crane valves 
are used on reactors for nuclear-powered electric 
generating stations and for experimental reactors at 
research laboratories. 

Crane offers you its considerable knowledge and 
experience in valve design and manufacture, and its 
modern facilities for designing and testing valves for 
atomic service. Write today outlining the atomic 
power project you are developing. A Crane Repre- 
sentative will call promptly. 


Four 16” Crane motor-operated gate valves will control the 
Savannah's main coolant lines at 1750 psi; 508 F. Valves are 


made of Type 304 stainless steel. 


CRAN 








and U.S. Maritime Administration: George G. Sharp, Inc., naval architects, 
designers; Babcock & Wilcox, designers, builders of pressurized reactor. 





- VALVES & FITTINGS 


PIPE ¢ PLUMBING ¢ HEATING « AIR CONDITIONING 


Since 1855 — Crane Co., General Offices: Chicago 5, Illinois — Branches and Wholesalers Serving All Areas 


40 


June, 1959 - NUCLEONICS 


















Competitive nuclear power 
is one step closer 
because of... 


The 


ATOMIC 


General Electric with 
icific Gas & Electric has helped 
establish a solid technological 
base for econgmical nuclear 
| power at this operating 
\.@~ nuclear power plant , 


sail \| 
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The Vallecitos Story : 


POWER OPERATION and experimentation provide valuable data. 
Operation at 900 to 1000 psi at all power outputs up to 30,000 kw/t) has 
been stable. Reactor responds quickly to load changes. Plant maintenance 


helped establish 
Le 


© 
® 


% 


re 2 Hs) 


is simple; low activity levels permit direct-contact maintenance. Refueling 
has been accomplished in less than a day of shutdown including time re- 
quired for system thermal cooling and reheat to 540 degrees F. 


Vallecitos Boiling Water Reactor experience 
shows the way to greater technological 
advances... brings competitive 
nuclear power closer 


VBWR has performed both as a dependable power producer 
and as an outstanding fuel and component test facility. 

These advantages of boiling water reactors for utility 
service have been demonstrated: 


Ease of Operation—Start-up of VBWR from cold condi- 
tions to full-power takes only five hours. Reactor shutdown, 
rearrangement or replacement of fuel bundles, and restart 
takes only 24 hours. High-power, high-pressure operation 
has been stable. Refueling is fast and easily accomplished. 


Stability—VBWR has been stable in operation at 900 to 
1000 psi at all power outputs up to 30,000 kw(t). 


Rapid Response to Load Change—Load changes from 
200 to 5,000 kw in 15 seconds are performed with resultant 
change of only 30 psi in reactor pressure. 

Reliability of Operation— Although primarily a research 
facility, VBWR has logged more than 20 million electrical 
kilowatt hours (over 106 million thermal kw-hr) since first 
operation in October 1957. Plant availability during com- 
mercial power service has been extremely high, averaging 
over 95% in a typical period. Unavailability resulted largely 
from time required to conduct experimental programs. 


Originally rated 20,000 kw(t), the reactor has oper- 
ated at 30,000 kw(t) and is expected to operate satis- 
factorily at its presently licensed rating of 50,000 kw(t). 
Ease of Maintenance—Low radioactivity levels permit 
direct-contact maintenance of turbine and auxiliaries using 
normal procedures. Radiation poses no problem to reactor 
maintenance. 

SIGNIFICANT TEST CONTRIBUTIONS 
Extensive programs to prove oxide fuels for commercial 
service are in progress. Fuelelements have been tested under 
more severe irradiation than actual power plant operation 
will involve. 

Plant operation experiments have included: studies of 
forced-circulation and dual-cycle operation; evaluation of 
in-core monitors and rupture detectors; determination of 
stability; studies of coolant chemistry, corrosion effects, 
and the dynamics of boiling; and evaluation of decon- 
tamination methods. 

VBWR experience has added significantly to the tech- 
nology of the boiling water reactor type . . . technology that 
is exploitable by intensive development via a clearly pre- 
dictable path to economical nuclear power plants. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 





Solid technological base 








EASE OF MAINTENANCE—Reactor VALUE IN RESEARCH—VBWR de- 
maintenance is simple. Radiation does sign permits experiments in fuel de- 
not pose any problems. sign, rupture, long-term performance. 


REACTOR HOUSING is 48- 
foot diameter, vapor-tight 
steel enclosure, 100 feet 
high. Lower area contains re- 
actor and associated equip- 
ment including secondary 
steam generator for dval- 
cycle loop. 








REACTOR CONTROL RODS 
are electropneumatically 
driven. Seven rods control 
core reactivity. 


REFUELING PORTS are 
located in the top head. Four 
12-inch ports allow refueling 
of the core without removal 
of the head. 




















BIOLOGICAL SHIELD is 18- 
inch-thick steel shield weigh- 
ing 80 tons. Mounted on 
wheels and rails, shield 
separates into three parts 
for refueling or head re- ; a ‘oma 
moval. ae re’ tes UE F : HEAD OPENING is full diam- 
Y : ey vite: ; eter of the vessel so the en- 
tire core and its supports may 
be removed and replaced if 
desired. 







































































. ~——____ PRESSURE VESSEL has 7-foot 
: diameter, is 20 feet high, 
fully lined with stainless steel. 
































REACTOR CORE includes 
30 developmental prototype 
elements of various designs 
being tested for power plant 
service. 














VBWRisalight-water-moder- 
ated-and-cooled boiling 
water reactor producing 1000 
psi steam which is used di- 
rectly in a 5000-kw turbine. 











after Vallecitos...acceleration 


General Electric’s Atomic Acceleration Program 
can broaden solid technological base, 
speed competitive nuclear power 


Acceleration to competitive nuclear power is necessary for 
national security and world leadership, technological and 
idealogical. General Electric’s Atomic Acceleration Program 
—a major effort in developing boiling water reactors— 
promises the fastest realization of that goal, at minimum 
cost with least technological and financial risk. The program 
complements government and industry objectives. Concur- 
cathe, General Electric will continue to investigate other 
promising reactor types. 


VBWR is making important contributions in the First Gen- 
eration Phase of the Program. Immediate implementation of 
the Developmental Phase is required, with these reactors 
needed to improve and test specific combinations of boiling 
reactor technology: 


The NATURAL-CIRCULATION BOILER reactor, 

rated at 50 mw(e) has been committed by PG & E 
for the Humboldt Bay station and will stress extreme sim- 
plification and lowered costs. 


} oc COMPACT reactor, rated at 10-25 mw(e), is 

required to develop optimum design and construc- 

tion simplicity for forced-circulation plants. 

} HPD. A HIGH POWER-DENSITY reactor, rated at 25-50 
mw(e), is required to test the limits of power den- 

sity and provide full-scale proving of high-power-density fuel. 
A SEPARATE SUPERHEATER or INTERNAL 
SUPERHEATER, rated at 10-100 mw(e), is required 
to evaluate operation and maintenance character- 
istics, extend nuclear superheat technology. 


FOR INFORMATION on participation in this program, 
contact your nearest anal Electric Apparatus Sales flice 
or write: Atomic Power Equipment Department, 2151 South 
First Street, San Jose, California. Publications GED-3750, 
“How to Implement Nuclear Power Acceleration”’ and GER- 
1574, “Operation Sunrise,” provide more detailed discussion 
of the program, are obtainable by writing Section 192-13, 
General Electric Co., Schenectady 5, N. Y. 


THE COMPLETE ACCELERATION PLAN FOR COMPETITIVE NUCLEAR POWER 


TARGET °65 


COMPETITIVE NUCLEAR POWER 





NCB —Natural-Circulation Boiler 


LEGEND C—Compact 


HPD— High Power-Density 


Evolutionary Phase Wili Target Phase Will 
a Competitive Plants Provide Plants 

in High-Fuel-Cost Areas Competitive With 25% 
of 1970 Conventional Plants 


-PrPZO-aAZzZm™<ZO 
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SSH— Separate Superheater 
ISH—Internal Superheater 
SH — Superheater 


Progress /s Our Most /mportant Product 
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call on 

Ebasco’s 
nuclear 
engineering 
Services 


Ebasco’s increasing activities in nuclear engineering place at your disposal a wide range of specialized 




















services in this growing field. Augmenting Ebasco’s competence in this field is a 50-year reputation for 
uncompromising quality in diversified engineering and construction work. This combination offers you 


sound assurance of practical and economical results in the application of atomic energy. 


Ebasco performs the following nuclear engineering services for clients: 


Nuclear Investment Consultation WASHINGTON, D. C. 


Coordination with Government Agencies 


* Reactor Systems Evaluations 

* Design of Nuclear Plants ~ —— 

* Construction of Nuclear Plants ets CONSTR, 

* Hazards Analyses C5 

* Start-Up and Testing of Plants Cp NEW YORK 

* Training of Operating Staff = EBASto : CHICAGO 

* Engineering and Economic Investigations Ae DALLAS 
Development Assistance Sin, 1 »™ pigeon adie 

7 Research and Ess consut SAN FRANCISCO 

7 





Consulting Engineering + Design & Construction + Facilities Planning + Financial & Business Studies + Industrial Relations 
Insurance, Pensions & Safety + Purchasing, Inspection & Expediting + Rates & Pricing - Research - Sales & Public Relations 
Systems, Methods & Budgets + Tax + Valuation & Appraisal + Washington Office 
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Neither stargazer nor mystic, this 
K & M technician can nevertheless 
see into the future. His crystal ball 
is a small mass of radioactive Irid- 
ium; his fortune-telling cards, 
gamma-ray pictures of critical valve 
assemblies. With these pictures he 
searches out the kind of subtle flaws 
and tiny imperfections that could 
become trouble spots at some future 
time. And so he is able to predict 
and prevent in-service failures and 
malfunctions, 


Our 79th Year 





Radiographic inspection is just 
one way in which K & M works to 
insure a long and healthy service 
life for its products. K & M’s in- 
plant quality control facilities range 
from a contour comparator, for pre- 
cision checking of small parts, to a 
4000-gpm flow test loop, where 
sample valves from the production 
line are tested for on-stream per- 
formance. Micrometer and calipers 
play an important part, too, for 
each K & M valve is subjected to 


more than eight hundred dimension 
check-outs before it reaches the 
shipping crate. It’s either perfect, 
or “no go.” 

K & M’s meticulous standards of 
quality control are neither myth nor 
magic . . . just good business — for 
us, and for you. 


For a more detailed view of our plant and 
production practices, send for the well-illus- 
trated, informative brochure, ‘This Is K & M."" 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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SPECtTaeewetie 


This transistorized spectrometer is by far the smallest and most compact avail- 
able—yet it has more important and unique features than any other on the market 
today. Furthermore, it can be used directly with the Packard Auto-Gamma 


Sample Changer for completely automatic counting of test tube samples. 


Write for Complete Information. Request Bulletin 400. 


Tait. : Se ended. Lacon ae 
B- P. Oo. GRANGE, ILLINOIS 
SAN FRANCISCO CHICAGO . NEW YORK 
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From America’s largest integrated 


Zirconium is now available from Mallory Sharon inthe form of rounds 
bars and billets, wire, tubing, strip, foi!, sheet and plate. Quality and 
properties are carefully controlled at every stage of production 








producer of Special Metals... 


l1OO0O000 LBS. OF 


ZIRCONIUM 


to be available for 
commercial use in’59 


A few short years ago zirconium was an expensive rarity. Today, it is readily available for 
commercial use. And Mallory-Sharon has led the way in this rapid development. 


Prices of zirconium mill products have consistently been reduced . . . due to 
Mallory-Sharon’s large scale, low cost chunklet production methods and integrated melting 
and rolling facilities. In nuclear reactor applications, zirconium now offers important 
economic advantages over other materials. 


With 1,000,000 Ibs. of zirconium available from Mallory-Sharon for commercial 
use in 1959, users benefit from both ready availability and reduced costs. 


Write us for technical information or engineering assistance on specific applications. 


Production up...Prices down 


Mallory-Sharon’s modern, efficient chunklet plant 
at Ashtabula, Ohio, is now in full production. Using 
a new, lower-cost sodium-reduction method, it has 
been possible to sharply reduce prices of zirconium 
chunklets. These reductions are directly reflected 
in lower prices for Mallory-Sharon mill products. 


MALLORY Ms, SHARON 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


integrated producer of Titanium: Zirconium + Special Metals 





RADIOACTIVE MATERIAL HANDLING investigations 
are safely carried out with this Stokes prototype vac- 
uum furnace. It is remotely operated by manipulators 
and other external controls. This installation rep- 
resents another specific requirement met through 
Stokes flexibility. 





BOTTOM SECTION 
(CENTRIFUGE) 


CENTRIFUGE MOTOR 
ORIVE 


PLUTONIUM MELTING AND CASTING will soon be 
easily accomplished by this Stokes vacuum furnace 
being assembled for shipment to customer’s plant. 
The entire system will be enclosed within a vacuum 
dry box for ‘‘clean handling’’ and operation: another 
example of Stokes design concept flexibility. 


URANIUM MELTING ON A PRODUCTION BASIS is ac- 
complished by this Stokes induction melting furnace. 
Designed for safety and convenience, the furnace is 
serviced from the top and features a removable bot- 
tom section to facilitate handling of poured materials. 
It is typical of Stokes inherent flexibility. 





Metallurgical investigations are leading to new, 
practical applications: plutonium melting and cast- 
ing, uranium melting on a production basis and new 
methods of handling radioactive materials . . . are 
just a few. At Stokes, extensive design experience 
and manufacturing facilities work hand-in-hand to 
make these developments possible. Stokes pioneered 
in the application of vacuum metallurgy to the 
nuclear field. In the modern Stokes laboratory, 
vacuum melting, casting, heat-treating and pellet- 
izing experiments are providing new methods of 
overcoming traditional bottlenecks. 


Stokes experience and aggressive developments in 
the field of nucleonics can go to work for you. 
Whatever your requirements, the inherent flexi- 
bility of Stokes design concepts is assurance that 
your stringent needs can be met. Why not investi- 
gate further by writing or calling Stokes today. 


Vacuum Metallurgival Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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For the first time...Multiplier Phototubes 




















You are looking at the first commercial mul- 
tiplier phototubes having S-20 spectral re- 
sponse and featuring a revolutionary new 
type of photocathode. 

The greatest advancement in the field of 
photoemission in 20 years, this new type of 
photocathode offers three major steps ahead 
in multiplier-phototube performance: (1) 
It has the highest red sensitivity of any type 
of photocathode known; (2) It provides 40 
per cent higher overall sensitivity than blue- 
sensitive photocathodes used in tubes hav- 
ing S-11 response and also permits a ten- 
fold improvement in equivalent noise input; 





WAVELENGTH 


(3) It has low thermionic dark current, plus 
high conductivity—even at temperature as 
low as that of liquid air! 

The unique type of photocathode used in 
the RCA-7265 and -7326 is another example 
of RCA leadership in multiplier-phototube 
development. Today, RCA offers the largest 
line of multiplier phototubes in the industry 
—23 types in all. 

RCA also has many developmental types 
of multiplier phototubes, available to you as 
an equipment manufacturer on a samplirg 
basis. Ask your RCA Field Representative 
for complete details. 


RCA RADIO CORPORATION OF AMERICA 


/® Electron Tube Division 


Harrison, N. J. 


For free technical information on RCA-7265 and -7326, 
os well as Catalog CRPD-105A on RCA Photosensitive 
Devices and Cathode-Ray Tubes—<covering RCA's mui- 
tiplier phototubes—write RCA Commercial Engineer 
ing, Section F-31-Q, Harrison, N. J 


RCA Field Representatives are here to help you 
INDUSTRIAL TUBE PRODUCT SALES 
+ 744 Brood St., Nework 2, N.J. HUmboldt 5-3900 
+6355 E. Washington Bivd 
Los Angeles 22, Calif. RAymond 3-836! 
+ Suite, 1154, Merchandise Mart Plaza 
Chicago 54, Ili. WHitehal! 4-2900 
+714 New Center Bidg., Detroit 2, Mich. TRinity 5-5600 


GOVERNMENT SALES 
* 744 Broad St., Newark 2, N. J. HUmboidt 5-3900 
* 224 N. Wilkinson St., Dayton 2, Ohio. BAidwin 6-2366 
+ 1625 "'K"’ St., N. W., Washington 6, D. C 
District 7-1260 








THE /5///°SS57/ ALL TRANSISTORIZED ANALOG COMPUTER 


— basic model less than $4000 


PACE TR-10 Eliminates Drudgery— Gives New Insight Into Engineering Problems 


This compact unit, 15” x 16” by 24” high, is powered by 115 
volts AC and can provide day-in day-out instant solution of 
your most vexing engineering problems. Even if you have 
never seen a computer before, you can learn to operate the 
TR-10 as easily as you learned to use a slide rule. 


Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of 
the effect of each change. You can study the inter-related 
effects of heat, pressure, flow, vibration, torque or any vari- 
able, and visually compare one with the other. Engineering 
data comes alive — insight into how new designs will work 
is obtained easier, faster. 


Because of its minimum size and low price, the TR-10 can 
become your own personal analog computer. You gain first- 
hand experience with the power of analog techniques, and 
convert more of your time to, creative engineering. New 
ideas that were too costly to try before are now practical. 


52 


You can design virtually to perfection and have a permanent, 
visual record of performance before building pilot models or 
prototypes. As a result, “cut and try” expense is reduced. 


The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of pre- 
cision general purpose analog computers will be found in 
this new unit. Accuracy to +.1 per cent. Modular construc- 
tion allows you to select varying quantities of the following 
computing functions: summation, integration, multiplication 
or division, function generation, parameter adjustment, 
logical comparison. 


For complete engineering data, write for Bulletin TR-10K. 


EAI 


ee £oee ae 
ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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ENVIRONMENT for 
EXPLORATION— 


Engineers and scientists at Gen- 
eral Atomic’s John Jay Hopkins 
Laboratory for Pure and Ap- 
plied Science are conducting 
nuclear research and develop- 
ment in an atmosphere of cre- 

ative freedom. Mechanical, metallurgical, chemical and electrical engineers — physicists, 

chemists and mathematicians. Together they are engaged in such diversified, long-term 

projects as advanced high-temperature gas-cooled 

reactors for land-based applications — maritime 

gas-cooled reactors—controlled thermonuclear re- 

actions—space propulsion—research reactors— 


basic research in the sciences. Because of the rapid 


expansion of these programs, there are openings for 


scientists and engineers, including senior positions, 
at the Laboratory in San Diego, California. Write 


Dept. 6-N, P.O. Box 608, San Diego 12, Calif. 


GENERAL ATOMIC 


DIVISION OF 


GENERAL DYNAMICS “ 





n all-inclusive reference work, senti asic 
An all I ference work, presenting the b 
physical data so frequently called upon in scientific, 
engineering, and research endeavors. 





%& One giant source of 


information 


* Over 90 


contributors 


* Over 100 


areas covered in 


specialist 


American Institute of 
Physics Handbook 


Dwight E. GRAY, Coordinating Editor 


subject 





8 big sections 





N preparing this Handbook, the An 
Institute of Physics has come up with an 
all-inclusive reference work. Just like the 
comprehensive handbooks famili tl 
professional areas, it offers j 
reliable, wide-range reference 


of physics. 


lerican tions you want on such matters as heat, 
ptics, nuclear physics, etc. Text matter is 
held to the minimum necessary to make the 
tabular information understandable an 

tabul f t derstandabl d 


iseful. 


I ach section is the work of a number of 
yecialists in the field who have taken into 


Now you can save yourself hours of 
searching through scattered reference wor 
for the fact or formula you need to apy ly 
physical methods in your work. The boo 
is packed with the tables, graphs, sud cane 


KS 


sideration the many recent discoveries 
advances, selecting and compiling for 
ir immediate use the most generally 
helpful data available today. Over 1500 
pages, $17.50 


nd 
Ga 


— 


sox Other Books Important to Modern Physicists 


INDUSTRIAL ELECTRONICS HANDBOOK TABLE FOR THE SOLUTION 
Over 100 specialists from more than a score of companies OF CUBIC EQUATIONS 


and research centers bring you expert aid on all phases of 
industrial electronics best in to- : , ; 
“ear : Supersedes all other such tables in number of decimal 
day's electronic counters to multi- : : : , 

, ‘ places, range, interval, required labor in finding all three 
phase power rectifiers, including electronic switches, con- : : " ‘ 

: roots, and convenience in us¢ With this book you can find 

trol, automation, and . 

licati itl 2 J all three roots of any equation using nothing more com- 
applications and the user's nee : Poe 
PI plicated than a desk calculator. By Herbert E. Salzer and 
C. H. Richards, Convair Astronautics, and Isabelle 


Cockrell, General Electric Co. 
trations, $22.50 Arsham, Diamond Ordnance Fuze Laboratories. 161 
pages, $7.50 


APPLIED MATHEMATICS 
FOR ENGINEERS AND PHYSICISTS 


Helps you effectively 
technical problems 


and control. Covers the 


practice—trom Geiger 
computers, process control Stresses 
Edited by William D. 
1408 pages, 969 illus- 


NUCLEAR ENGINEERING HANDBOOK 


field in 


theory, 


analyze and solve today’s complex 


Covers Fourier analysis, the Laplace 


Comprehensively covers the standard handbook 
form nuclear engineering 
transform, vector and tensor nonlinear differential principles and techniques, plus much helpful reference 
equations, and and more easily obtain terial presented with thoroughness, detail, and dependabil- 
analytical formulation of problems for solution with high- ity. Features information and data on the design of reac- 
speed computing devices. By Louis A. Pipes, University Edited by Harold Etherington, Nuclear Products- 
of California at Los Angeles. Second Edition, 723 pages, Erco, Division of ACF Industries, Inc. 1870 pages, 706 
210 illustrations, $8.75 illustrations, $25.00 


Gives you nuclear 


analysis, ma- 


more, helps you 


tors. 


Penn nn a a a a rr a a ee 
McGraw-Hill Book Co. Dept FNU6, 327 W. 4ist St. New York 36 
Send me book(s) checked below for 10 days’ examination on approval 
book(s) I keep, plus few cents for delivery costs, 
delivery you remit with this coupon 

Amer. Inst. of Physics Hdbk., $17.50 
Cockrell—Indus. Elec. Hdbk., $22.50 
Applied Mathematics, $8.75 


SEE 
ANY BOOK 
10 DAYS 
FREE 


In 10 days I will remit for 
postpaid. (We pay 
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and return unwanted book(s 
same return privilege 

Table for Solution of Cubic 
Equations, $7.50 

Nuc. Engg. Hdbk., $25.00 


costs if 


] Salzer et. al 


_—~ 


Pipes 
Name 
Address 
City 


(_] Etherington 


OBB BPP PRB AL 


and Zone . State 
Company 


For price and terms outside U.S., write McGraw-Hill Int’l. N.Y.C. 


Position 
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Fuel for Nuclear Power Plants 
from Westinghouse 


Complete Cores for Nuclear Reactors 

Fuel Elements — Metallic and Oxide 
Structural Components 

Control Rods 

The Westinghouse Atomic Fuel Department, a 
privately owned manufacturing facility cleared 
and licensed by the Atomic Energy Commission, 
produces all of these items. 

Latest methods of processing, manufacturing 
and quality control are used. Specialized equip- 
ment for mixing, pressing, sintering and grind- 
ing of oxide pellets and for cladding, flanging, 
pickling, inert-atmosphere welding, vacuum- 
annealing, liquid honing and corrosion-testing 
of metallic fuel plates and assemblies insures 


you CAN BE SURE...1F ns Westi nghouse 


highest quality production of all cores and 
components. A completely isolated, air-condi- 
tioned high bay area permits dust-free, vertical 
assembly of complete cores. 

For your nuclear fuel and complete reactor 
core requirements, call or write: Westinghouse 
Electric Corporation, Atomic Fuel Department, 
P.O. Box 217, Cheswick, Pennsylvania. 4-80 


OTHER WESTINGHOUSE COMPONENTS 
FOR NUCLEAR POWER 
Instrumentation & Controls; Control Rod 
Drives; Coolant & Slurry Pumps and Valves; 
Radiation Monitoring & Detection Equipment; 
Steam Generators 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" 
CBS TV MONDAYS 





the comprehensive Picker line of quality instrumentation 
| for clinical use of radioisotopes 


— i 


——_ 
eames SCALERS 
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HIGH VOLTAGE FOCUSING } 
SUPPLIES COLLIMATORS 

a = 

ee | ( ; 
— di \\ } 


ACCESSORIES 
AND SUNDRIES 


i) 
7s now augmented by smportant new measuring equipment 
for biological and medical research 


















flow counters windowless and ultrathin window 
operate in proportional region without limit on counting rate 
differentiate between alpha and beta radiation 
use only readily available Methane gas 


automatic sample changers /or solid samples 
accommodate 30 samples 
use Ultrathin Window Flow Counter, G.M. Tube, or Scintillation Detector 
samples always accessible 
automatic sample changers well ype 
accommodate 100 samples 
take 1” and 5@” D vials or test tubes 
work with all standard well-type detectors 


printing interval timers 
record sample number and elapsed time for automatic sample measurements 


count and time printers 
record sample number, elapsed time and accumulated count 


automatic scalers 
preset time and count 
1 microsecond all-electronic counting circuit 
Time and Count readout 





this hallmark is dependable assurance of 
fine advanced-design instrumentation, soundly made, 
and backstopped by the trained Picker national 
Service Organization. There's probably a Picker 
District office near you (see local ‘phone book) 

or write Picker X-Ray Corporation, 

25 South Broadway, White Plains, New York. 
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These compact, plug-in chassis units keep your 
reactor under control from start-up to shut-down. In- 
corporating new concepts of reactor control, L&N 
Nuclear Modules provide simplified calibration, op- 
eration and maintenance — allow checking of com- 
ponents while the reactor is operating. Pulse channels, 
Logarithmic channels and Linear-servo channels con- 
tinuously monitor flux at all power levels. And at all 








L&N Modules for reactor control 


times the reactor is under constant surveillance by 
load-sharing safety channel modules. 

Here is a “building-block” approach, so flexible you 
can augment your control as your requirements change 

. and still maintain a reliable and safe system. This 
illustrates another example of Leeds & Northrup lead- 
ership in the design of instruments and systems for 
the nuclear industry. 


LLM 
For more detailed information on the application of NJ 
these exceptional components, ask for Data Sheets LEEDS NORTHRUP 


EN-03(1), (2), (3), and (4). Leeds & North rup, 
., Phila, 44, Pa. 


Nuclear Systems Group, 4936 Stenton Ave 
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Diagram of Enrico Fermi Atom Power Plant 


SODIUM-COOLED FERMI REACTOR 
WILL GIVE FAST BREEDER DESIGN 
FIRST FULL-SCALE PLANT TEST 


Enrico Fermi Reactor, now under construction on Lake Erie 
near Monroe, Michigan, is the first large-scale power plant 
of its type, will demonstrate feasibility 
of fast breeders for electric power production. 





FIVE OTHER 





The fundamental advantage in- 
herent in fast breeder reactors is 
that they produce more nuclear fuel 
than they consume. Consequently, 
this type of reactor will conserve 
and add to the nation’s reserves of 
nuclear fuels rather than deplete 
those resources. 

The Fermi Reactor, now being 
built by Power Reactor Develop- 
ment Co. (PRDC), is scheduled to 
go critical late next year. It is de- 


secondary loops which will enter the 
steam generator at 750°F, leave it at 
500°F. Steam will be produced at 
740°F and 600 psia. 

Sodium meets the two major re- 
quirements for a fast breeder cool- 
ant: it does not moderate neutrons 
and it has outstanding heat-trans- 
fer properties. In addition, sodium’s 
high boiling point permits high 
thermal efficiency, while its melting 
point is low enough so that ordinary 


SODIUM-COOLED REACTORS 


Experimental Breeder Reactor-1 
(EBR-1), NRTS, Arco, Idaho—fast 
breeder, sodium-potassium cooled 
—15,000 KW (e) (operational) 
Sodium Reactor Experiment (SRE) 
Santa Susana, Calif. — graphite- 
moderated—6,500 KW (e) (opera- 
tional) 

Experimental Breeder Reactor-2 
(EBR-2) NRTS, Arco, Idaho—fast 
breeder—20,000 KW (e) (under 
construction — slated for 1960 
operation) 

Consumers Public Power District, 


signed to generate 300,000 thermal structural materials can be used. Hallam, Neb.—graphite-moderated 
KW, which will be converted to Other advantages of sodium: it is —75,000 KW (e) (under construc- 
100,000 electrical KW through a_ easy to pump, and is low in cost. tion—slated for 1962 operation) 
conventional steam cycle. Detroit The U.S.I. brochure, “Handling ® Chugach Electrical Association, 


Edison will build and own the steam 
turbine-generator, which it will 
operate on steam purchased from 
PRDC. 

Liquid metallic sodium will trans- 
fer the heat generated in a tandem 
heat-exchange system. In the pri- 
mary loop, sodium will enter the re- 
actor at 550°F, leave it at 800°F. 
This heat will be transferred to 


Metallic Sodium on a Plant Scale’, 
has further information on sodium. 
Write for it, and, if you have special 
questions, call us for technical 
service. 





Anchorage, Alaska—heavy water- 
moderated — 10,000 KW (e) 
(evaluation stage) 





USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 
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TMC designed the new “‘Serviscaler’’ specifically 

for college classroom training or laboratory use .. . 
moderately priced, dependable and compact—yet 
with performance specifications more than sufficient for 
training and monitoring purposes. The transistorized 
SG-10A costs only $350 f.0.b. New Haven. 


The transistors used throughout all scaling stages 
(the high voltage regulator is the only tube) 
increase operating life and over-all reliability and 
make the Serviscaler more rugged. It weighs only 
12 Ibs., measures 1234” x 9” x 5%" high so that it can 
be easily carried by anyone. Power consumption 

of 20 watts means that a number of units can be 
used in a single room without “power’’ problems. 


In actual operation the Serviscaler scales data 

on five decade glow tubes with a maximum capacity 
of 99,999 counts. And high voltage is continuously 
adjustable between 600 and 1600 volts. 


(™... especially for training 





9 2 
erviscaler__ 





resolving time: better than 200 microseconds 


input sensitivity: adjustable internally 50 
millivolts to 200 millivolts 


maximum load current: 100 microamperes 
high voltage stability:1.0% 

line regulation (105-125 v.): 0.1% 

power: 115 v, 50-60 cycles (230 v. onorder) 


connectors: detector input, timer output, 
remote control 


441 WASHINGTON AVENUE, NORTH HAVEN, CONNECTICUT 
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Tubexperience in action 


Nuclear-Quality Heat Exchanger Tubing 
Made to Superior’s Specification STC -104 


Superior has established a new quality-level for heat exchanger tubing to answer the demand for 
the high degree of precision required in the nuclear field. Superior’s new Specification STC-104 
sets new high standards of manufacture for nuclear-quality heat exchanger tubing in five grades 
of stainless steel in a range of sizes up to 14% in. OD. Here are some of the requirements it stipulates: 


MATERIALS. Nuclear-quality heat exchanger tubing shall be 
produced in AISI types 304, 304L, 316, 347, 348 and other 
austenitic grades as required. 


RAW STOCK QUALITY. Shall be selected from high-quality 
tubing hollows. A statistical sampling of the tube hollows shall 
be made to select stock with the most uniform dimensions. 


IN-PROCESS INSPECTION. Inspectors shall check work in 
process for general surface appearance, size and handling pro- 
cedures to prevent damage to the tubing. 


FINISH QUALITY. OD and wall thicknesses shall be held 
within commercial tolerances unless otherwise specified. Ovality 
shall be within 3% of the theoretical average OD. Commercial 
straightness (1 part in 600) shall apply. Dimensional checks shall 
be made on a 100% basis. Outside surfaces shall be 100% 
visually inspected. 


MECHANICAL PROPERTIES. Shall conform with ranges 
established by Superior’s Metallurgical Department. Typical of 
the properties given in STC-104 are those shown here for Type 348: 
Ultimate Strength Yield Strength % Elongation 
(psi) (psi) in 2 in. 
75,000-105,000 30,000-57,000 37 min. 


CLEANLINESS. Inside and outside surfaces shall be bright and 
free from discoloration, grease, dirt, metal shavings, metal par- 
ticles, and other foreign matter. 


FLARING & FLATTENING. Tubing shall be flared with a 
tool having a 60-degree included angle without cracking or 
showing flaws. Tubing shall be flattened cold between parallel 
plates to a distance of three times the wall thickness without 
cracking or breaking. 


SURFACE ROUGHNESS. When specified, surface roughness 
shall not exceed 63 microinches on either the inside or out- 
side surfaces. 


NONDESTRUCTIVE TESTING. A dye penetrant test will be 
made on a statistical sampling basis. No imperfections greater 
than 10% of the wall thickness shall be permitted. On tubing 
with .040 in. wall and heavier, no defects shall exceed .004 in. 
Tubing which is Eddy Current tested shall be within the above 
maximum defect level. Mill consultation is required for ultrasonic 
testing. When specified, it will be done to a .004 in. defect level for 
tubing 4 in. OD or larger x .040 in. wall and heavier. Hydro- 
static testing shall be performed on all tubing. 


For full particulars on Nuclear-Quality Heat Exchanger Tubing, write for a copy of Superior 
Specification STC-104 and also of Data Memorandum #20. Superior Tube Company, 2027 Ger- 


mantown Ave., Norristown, Pa. 


Swoerrir lide 
Ge name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to Yin. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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NUCLEAR KEY 


Key to dependable reactor startup, monitoring, rod positioning and con- 
trol is properly integrated instrumentation. Curtiss-Wright offers complete 
instrumentation systems . . . backed up by solid, practical experience in 
nuclear hardware design and construction. 


Curtiss-Wright has designed and built more nuclear reactor rod control 
equipment for the United States Navy than any other supplier. This in- 
cludes systems for the latest types of nuclear undersea craft now in service 
and under construction. The United States Army has contracted with 
Curtiss-Wright for reactor instrumentation. Reactors with complete labo- 
retories are being and have been built for leading universities, here and 
abroad. The experience gained in the construction and operation of its 
own reactor, located at Quehanna, Pa., contributes to Curtiss-Wright 
leadership in instrumentation services. This skill and experience are available 
to help you solve your instrumentation problems. 


CURTISS-WRIGHTs 


CORPORATION - WOOD-RIDGE. N. J. 


For further information, write: Director of Nuclear Sales, . 
Curtiss-Wright Corporation, Quehanna, Pennsylvania. 
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Reactor 
Instrumentation 


NUCLEAR 
Startup and safety 
Process monitoring 
Area monitoring 


PRIMARY PLANT 
Reactor process loop 
Secondary process 
Pressurizer 


ROD CONTROL 
Rod drive 

Rod position 
Scramming 


STEAM PLANT 
Generator 


Turbine 
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How to maintain a 4-mile vacuum 
- Cavity in an envelope of “air” 


‘ 


Suppose you were asked to “freeze 
the hole” in the atmosphere left by a 
lightning bolt, and maintain its vacu- 
um indefinitely . . . 

Engineers designing the 25-Bev 
Alternating Gradient Synchrotron 
now being installed at Brookhaven 
National Laboratory faced a problem 
much like this when they devised the 
14-mile-long circular vacuum cavity 
in which protons are accelerated to 
speeds approximately 99.9% that of 
light. 

Ideally, to minimize flux variations 
and eddy current and hysteresis 
losses, the vacuum cavity’s envelope 
should have been air. Practically, the 
elliptical vacuum chamber was 
formed of Inconel “X’’* age-harden- 
able nickel-chromium alloy. 


Behaves almost like air 


Inconel “X” alloy ... from an elec- 
trical and magnetic standpoint... 
behaves almost like air. It is a poor 
host to eddy currents and its perme- 
ability is less than 1.005. What’s 
more, Inconel “X” alloy has low vapor 
pressure, good degassing character- 
istics and freedom from porosity. All 
are important in establishing a vacu- 
um of the high order called for in 
this equipment. 

The electrical and magnetic char- 
acteristics of Inconel “X” alloy, 
coupled with its high strength and 
good fabricating properties, have led 
to the use of this Inco Nickel Alloy 
in a number of advanced devices. 
Among them is the “canned pump” 


(motor and pump combined in one 
housing) where the metal sheathes 
stator and rotor to protect them from 
the pumped fluid. The excellent re- 
sistance of the alloy to high tempera- 
tures and oxidizing conditions puts 
it in a class by itself for such applica- 
tions as the skin of the X-15... first 
manned vehicle for space probes. 

If you have an equipment problem 
involving the need for materials with 
special strength, heat- or corrosion- 
resistance or electrical properties, 
write us. We'll be glad to tell you 
about the newer alloys that have 
been developed specifically to handle 
such conditions. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall St. deo, New York 5, N.Y. 


*Registered trademark 


INCO NICKEL ALLOYS 
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TRANSISTORIZATION p. 64 


DISCRIMINATORS p. 72) 


PHOTOMULTIPLIERS p. 82 


G-M COUNTERS p. 86 


, ven wor NUCLEON 
INSTRUMENTATION 


The demands on nucleonic instrumentation are growing stead- 
ily—high-intensity pulsed accelerators require ever shorter re- 
solving times, world-wide sampling programs need automated 
counting systems and nuclear power stations require ever more 
reliable monitoring gear. The designers who will attempt to 
satisfy those demands and the users who are responsible for it 
have a common need for information on the state of the instru- 
mentation art. As part of our continuing program of trying to 
fill that informational need we present this 32-page report on 
nucleonic instrumentation. In it we have stressed certain 
aspects of the subject that seem to have been most in need of 
review treatment—the use of transistors, pulse-amplitude dis- 
criminators, scalers, commercially available photomultipliers and 
halogen-quenched G-M counters. 

—tThe Editors 


Vol. 17, No. 6 - June, 1959 








Switching and sorting circuits already put transistors 


to good use. Improved elements plus design ingenuity 


will allow amplifiers and power supplies to follow suit 


By FRED S. GOULDING, Atomic Energy of Canada, Lid,, Chalk River, Ontario, Canada 


TRANSISTORSandsemiconductordiodes, ation sensitivity (/—-5) of transistors is solved; hence transistor instruments 


compared with vacuum tubes in nucle- 
onic instruments, offer the advantages 
of increased reliability, smaller size and 
cooler operation. These elements are 
already replacing tubes in all trigger 
and switching circuits in the field; re- 
cently developed transistors open th« 
way for transistorization of the remain- 
ing kinds of circuits basic to radiation 
detection systems (i.e., pulse ampli- 
fiers, d-c amplifiers and power supplies). 

Junction transistors 
larly well suited for nucleonic instru- 
The environmental conditions 


seem particu- 
ments. 
are usually quite acceptable for germa- 
nium transistors (where operation is to 
be at moderately high temperatures, 


not a problem. 

Although no one questions the high 
reliability of transistors operating under 
ideal conditions, actual 
vacuum-tube reli- 


these almost 
comparisons with 
ability are difficult to make owing to 
the wide variations in life between cir- 
that different 
The average life of high-quality com- 


cuits have functions. 
puter tubes might range from 104 to 
2 X 10° hr, compared with 10°-107 hr 
The 


operation of transistorized equipment 


for transistors (6, 7, 8). cool 
gives an important bonus in the im- 
proved reliability of other components. 

To realize the advantages of transis- 
tor circuits, the designer must deal with 


fail to perform as well as tube instru- 
ments insome respects. The user must 
sometimes accept a performance com- 
promise to obtain the increased reli- 
ability, smaller size and cooler oper- 
ation of transistor units. 

The main problems of transistor-cir- 
cuit design arise from the following 
factors: 
®Semiconductor junctions have ap- 
preciable reverse-leakage currents that 
vary with time and temperature. Sili- 
con transistors are better than germa- 
nium units in this regard but inferior 
in many other respects. 
® Different 
type may have widely different current 


transistors of the same 


problems not encountered in tube cir- gains so that circuits must allow for all 
cuitry. At these 


problems have not been completely fied 


silicon transistors can be used). Be- 
cause the great majority of instruments 
operate in low radiat.on fields, the radi- 


present, many of values of current gain down to a speci- 


minimum (typically ~20 in 


FIG. 2. TRIGGER FOR DIODE-PUMP RATE-METER 
Q1 and Q2 are normally nonconducting and the collector of 
Q2 sits below —10v so that CR3 and CR4 are nonconducting. 
Bias across R2 prevents Q1 and Q2 conducting in this con- 
dition. A negative input pulse applied via C3 drives Q2 into 
conduction and its rise in collector potential drives current 
into the base of Q! via C4, C5 and C6. Q1’s emitter current Diode pump ratemeter 
then drives Q2 still harder and a trigger action results. Con- RE 
duction continues until C4, C5 and C6 are almost fully dis- 261k 
charged; then the circuit triggers back into its nonconducting 
state. Following this, the charge in C5 and C6 leaks via R6, R R8 
R7 into the averaging and metering circuit (C7, R8, M1). 180k 
The meter reading depends upon the input-pulse rate and the 3 
circuit constants can be chosen to produce certain desirable a +1. C7 

, ; -T 30/6 
types of scale (e.g. logarithmic). The negative-voltage low- } 
current supplies may be obtained from the same generator 

Low current supplies 
sogihe (hes ae @-20v -10v 

example of the application of complementary transistor pairs; 
Q1 is an npn-type junction transistor while Q2 is a pnp type 
64 June, 1959 - NUCLEONICS 












































that furnishes the G-M voltage supply. The circuit is an 














Coupling 
networks 











the grounded-emitter connection). 
® Until very recently the limited band- 
width of transistors has resulted in com- 
plex design problems for applications 
such as wideband amplifiers. 

*The input and output circuits of 
transistors are not as well isolated as 
they This makes 
the design of many transistor circuits, 


feedback 


are in vacuum tubes. 
such as amplifiers, 
difficult. 

We will now go on to explore in de- 


quite 


tail some of the circuits that are using 
transistors with various degrees of suc- 
cess and suggest other circuits in which 
transistorization may prove beneficial. 
For explanations of the basic workings 
of transistors, we refer the reader to 
textbooks (9-21) already published on 
the subject.| 
drawn largely from my own experience 


The circuits given are 


FIG. 1. TRIGGER CIR- 
CUITS use transistor pairs 
in four basic arrangements. 
Transistor units (circular 
symbols marked Q) of npn 
type are shown with arrow 
on emitter directed away 
from base; emitter arrow 
for pnp is into base. Boxes 
marked N_ are coupling 
networks 








and reflect my own personal preferences 
in circuit design. 


Switches and Triggers 


elec- 


make 
Hence, 


Transistors very good 


tronic switches. transistors 
have had most of their success to date 
in switching circuits for kicksorters, 
sealers and ratemeters. 

If the 


grounded and the base-to-emitter junc- 


emitter of a transistor is 
tion is reverse biased by the input sig- 
nal, the impedance between the collec- 
tor and emitter is very large (~meg- 
When the input 
emitter-base junction in its forward 
direction, the collector-to-emitter im- 
(~ohms). 


ohms). biases the 


pedance can be very low 
These are just the characteristics of an 
ideal switch. 


Transistors are much more efficient 


FIG. 3. 


than tubes for this purpose, because 
tubes have appreciable voltage drops 
in conduction. 

Like vacuum-tube circuits, transistor 
with feedback will 
trigger on small signals and produce 
controlled wave shapes at the output. 


circuits positive 


Transistor trigger circuits equivalent 
to the vacuum-tube blocking oscillator 
(22), Eccles-Jordan circuits (23-25) 
and cathode-coupled circuits (26) all 
exist and perform at least as well as 
their predecessors. 

The two kinds of transistors 
and pnp) available open up possibilities 
for new circuits. 
the four basic trigger circuits, illustrates 


(npn 
Fig. 1, which shows 
this point. The two circuits in column 
a use pairs of identical transistors and 
Each of the 
circuits in column 6 uses complemen- 


are copies of tube circuits. 


EMITTER-COUPLED DELAY CIRCUIT 


In the rest condition, Q1 passes 1 ma of emitter current deter- 


mined by R3 and diode CR3 is conducting. 
the collector of Q1 and base of Q2 to 6 volts. 


CR3 thus clamps 
The emitter 


current of Q2 is therefore 3.6 ma determined by R6 and the 
collector voltage of Q2 is 9 volts. The drive current to the 
base of Q2, leakage in CR2 and collector leakage of Q1 rob 
diode CR3 of current, but the excess of current in R2 over 
that in Q1 is sufficient to make CR3 conduct. A positive 
input pulse causes the current in Q1 to increase until diode 
CR3 becomes nonconducting. The fall in base potential of 
Q2 cannot be reflected in a sudden fall in potential at the 
emitter of Q2 due to C2. Thus Q2 becomes nonconducting 
and the current in R6 flows in the emitter of Q1. This causes 
the collector potential of Q1 to fall until CR2 conducts. The 
collector current in Q1 maintains CR2 in conduction despite 
the current in R1 and leakages in CR3 and the collector-base 
junction of Q2. When C2 is charged by the current in R6 to 
the point where Q2 again conducts, the circuit retriggers 


Vol. 17, No. 6 - June, 1959 65 
































tary pairs of transistors (i.e., pnp and 
npn) with a coupling system similar to 
the partner on its left in column a 
These tube-cireuit 
analogs. 

In the two states of circuits la and 
2a, current flows either in one transistor 
or the other. In the two states of cir- 
cuits 1b and 2b the transistors 
either both both “off.” 
Moody and Florida (27) have described 
circuits like 1b computer 
where the low 
circuit is very useful for driving a num- 


circuits have no 


are 


“on or 


used in a 
“on” impedance of the 


ber of diode gates. 

The other circuits also have particu- 
lar applications. 
used a monostable 2b circuit as a trigger 


For example, I hav: 


circuit (28) to drive a diode-pump rate- 
meter in a G-M 
(Fig. 2). Here the small steady-state 
current drain of the circuit conserves 


portable counter 


battery power and the low “on”’ imped- 


ance is ideal for driving the ratemeter 
circuit. 
Franklin and James (30), 
blocking oscillator performs the same 


In an alternative described by 
a transistor 


function; the two-transistor circuit of 

Fig. 2, however, is more sensitive. 
The best way to illustrate some of 

the design problems of transistor trig- 


Fig. 3 


gers is to study a typical circuit. 





FIG.4. PRINTED-CIRCUIT decade 


unit used at Chalk River. See Fig. 5 
for circuit diagram 
shows a monostable (delay) circuit 


class 2a in Fig. 1) used at Chalk River. 
In this circuit, diodes CR1, 2 and 3 
overcome the effects of collector and 
diode leakages and the variable current 
gain of the transistors. Their second 
important function is to prevent collec- 
tor saturation (bottoming) in the tran- 
sistors and thereby avoid limits on 


operating time imposed by carrier- 
storage effects. Diodes used in this 


way give reproducible circuit perform- 
ance and also achieve the long life we 
Bistable 
and astable (oscillatory) circuits can 


expect of transistor circuits. 


also be constructed with the same safe- 
guards against the variations in tran- 
sistor parameters. 

The speed of transistor switching cir- 





cuits is usually limited by transit-time 
effects in the transistors (although cir- 
cuit capacities may also limit speed 
when very high-frequency transistors 
are used). 

effects, which 
slow down transistor circuits by as much 
as a factor of 10, are eliminated (as 


Carrier-storage can 


described above) by clamping diodes 
that 
When 
limitation becomes of prime impor- 
This limit—equivalent to the 
frequency limit in small-signal ampli- 
is specified by the transistor 
the alpha cut-off 


saturation 
the transit-time 


prevent collector 


this is done, 


tance. 


fiers 
manufacturer as 
frequency fao. 

A scaling circuit, because it requires 
a short-term memory, usually has a 
resolving time much longer than the 
The 


memory is normally capacitive and 


switching time of the transistors. 


time is wasted by the exponential tail; 
delay-line memories (29) allow a closer 
With 


memory, a 


approach to the ultimate speed. 
a capacitive short-term 
scaling circuit resolving 1 usec can use 
5-Me (fao) transistors while 0.1 usec re- 
quires 50-Mc transistors. Recent very- 
high-frequency transistors give shorter 
resolving times but little work has been 
done on them. 
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The unit contains four scale-of-two circuits coupled together 
to form a scale-of-ten. The operation of the basic scale-of- 
two has been described (26). If positive pulses are applied 
to inputs A and B simultaneously (with the pulse amplitude 
at A half that at B), the circuit built around Q1 and Q2 scales 
these pulses by two and positive pulses of half the input rate 
appear at the output of the differentiating transformer T1. 
Coupling between the first scale-of-two and the second is 
modified and an extra pulse is fed from the output of the first 
to the input of the fourth scale-of-two. At the start of count- 
ing, all four scales-of-two are reset to zero (Q2 etc. passing 
about 4 ma) by raising the 1 volt line momentarily to 6 volts. 
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Scaling proceeds in the normal binary manner until the ninth 
input pulse. Following the ninth pulse the states of the 
scales-of-two (from left to right in Fig. 5) are 1001. On the 
tenth pulse the first scale-of-two switches to its ‘“‘O”’ state pro- 
ducing a carry pulse at its ouput. This pulse is prevented 
from affecting the second scale-of-two by a voltage fed 
back from the last scale-of-two. The output of the first 
scale-of-two also feeds the “set zero’”’ input of the fourth 
scale-of-two and, on pulse #10, this resets the fourth scale-of- 
two to its “O” state. Therefore, after the tenth pulse, the 
states are 0000 and a carry pulse is produced at the output of 
the scale-of-ten 
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Transistorized Power Supplies for Transistorized Circuits 


TRANSISTOR CURRENT LIMITER 
FOR POWER SUPPLY 

The output voltage V» from the power 
supply is fed to the base of Q1, anda 
voltage somewhat higher (V, + X), 
also produced by the power supply, 
is fed via R1 to the emitter of Q1. 
The emitter current of Q1 is there- 
fore X/R1 and, if the load current is 
smaller than aX/R1, the collector 
voltage is almost the same as the 
base voltage Vo. If the load current 
exceeds this amount the output im- 
pedance of the supply becomes large 
and the output voltage drops 


Transistors are becoming popular not only for nuclear instrumentation 
circuits (see the accompanying article), but also for the power supplies 
that power these circuits. Semiconductor rectifiers are already well- 
established. Series-shunt-type regulators that use transistors are also 
quite common and have designs similar to their vacuum-tube equivalents, 
However, two problems come up in transistor power supplies that differ 
from those of vacuum-tube circuits. The first is the ease with which 
semiconductor components are ruined. To overcome this, methods of 
limiting the current available from a power supply have been developed; 
figure at left shows one such arrangement, 

The second problem arises in supplying the convenience of a large 
number of voltage lines for pulse and switching circuits. Fortunately, 
these voltages do not usually have to be highly stable or free from ripple. 
One method of getting multiple voltage lines with about 2% stability is 
to control the a-c voltage appearing on the primary of the power trans- 
former with a transistor regulator (60). 

Transistors and other semiconductor components also have advantages 
for high-voltage power supplies, such as supply radiation detectors (61). 
Several laboratories now use or are developing audio-frequency (~20 kc) 
transistor oscillators that drive high-voltage transformers with feedback 
from the high-voltage output to control the oscillation amplitude. 
Zener-diode reference elements that have stabilities almost comparable 
with standard cells are now available and provide ideal voltage-reference 
sources for the supplies. A pair of power transistors can produce up to 
40 watts of high-voltage output; the high frequency of oscillation means 
that transformers and smoothing capacitors are not prohibitively large. 





Switching Circuits 


One of the important jobs of nuclear 
instrumentation is that of counting, 
sorting and recording electrical pulses. 
Transistors are rapidly replacing vac- 
uum tubes in circuits of this kind; the 
switching circuits described in the pre- 
vious section can be used here. Be- 
cause the reliability, small size and 
low-power consumption of transistors 
make possible much more complex 
counting equipment, the trend is now 
toward completely automatic data 
gathering and processing. 

Scalers. Although many articles 
have described basic transistor scaling 
circuits (24, 25, 29, 31), little informa- 
tion has been published on complete 
Our effort at Chalk River has 
been directed towards producing a 
scaler for automatic readout (32); we 
now have a large number of these units 
A photograph of the 
printed-circuit decade unit is shown in 
Fig. 4 and a simplified circuit diagram 
in Fig. 5. 

The transistors in this circuit have 
fao > 5 Me. The circuit reliably re- 
solves pulses 2.5 usec apart. Changes 
in the values of memory capacitors and 


sealers. 


in operation. 


differentiating transformers would give 
improved resolution, but these same 
changes would reduce operating mar- 
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gins. 


The KIP series* of subminiature thyra- 
tron indicators and the Ampex 6977 


Higher frequency transistors are 


required for resolving times less than 
1 usec. 

The four outputs from the scale-of- 
ten unit give a binary code that can be 
used to punch standard IBM or Data- 
tron codes on paper tape or to operate 
other output devices. For visual indi- 
cation, the circuit uses four indicator 
lamps wired to read the 8, 4, 2, 1 code 
from a decade unit. Because the cir- 
cuit is designed for automatic scaling 
and readout, only one decade unit indi- 
cates at a time; the indicator can be 
switched to any unit in the scaler which 
contains up to ten such units. 

Visual indicators present a difficult 
problem for transistor circuits. All 
gas-discharge devices with cold cath- 
odes require signal voltages much 
higher than those normally produced 
in transistor circuits. While combina- 
tions of high-voltage transistors and 
neon indicators are sometimes used, 
the arrangement is not ideal. Electro- 
magnetic movements (e.g. flag indica- 
tors) are available but are expensive 
and wear out under certain scaling con- 
ditions. Franklin (33) has described a 
magnetic-compass-type indicator but 
this is not yet in general use. 

One solution is a device that uses 
small signals for control and higher 
voltages only for bright illumination. 


fluorescent indicator tube are examples. 
Unfortunately, the presence of fila- 
ments detracts from their value. Re- 
cently very low-power indicator lamps 
have become available (GE No. 344), 
which Graveson has used with transis- 
tors. Electroluminescent indicators 
look promising but no suitable indica- 
tors of this type are available at present. 

A combination of Dekatrons and 
transistors offers a possible solution to 
the indicator problem and also a reduec- 
tion in the cost and complexity of the 
complete scaler. In the same way that 
earlier scalers Dekatrons with 
either vacuum or cold-cathode tubes as 
coupling elements, Chaplin and Wil- 
liamson (31) have described a circuit in 
which transistors couple the Dekatrons. 
This circuit is able to operate at the 
maximum speed of the Dekatrons, 
~4 ke. 

In many instances two or three fast 


used 


decades followed by a mechanical regis- 
ter form anideal scalingsystem. Chap- 
lin and Williamson (3/) describe a drive 
circuit for a register but the drive power 
produced by this circuit is not adequate 
to operate many types of registers. 
Since their report, high-power transis- 


*KIP Electronics Stamford, 


Connecticut. 


Corp., 
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appeared that will supply 
Transistor-relay 


tors have 
adequate drive. 
drivers have recently seen extensive 
use by J. Leng (34) at Chalk River. 
Ratemeters. Many of the tech- 
niques developed for vacuum-tube rate 
meters (35) apply to transistor rate- 
meters with transistor trigger circuits 
replacing the vacuum-tube equivalents 
The ratemeter in Fig. 2 
However, difficulties arise when an out- 


put amplifier has to drive a high current 


is an exampl 


load (e.g. a l-ma recorder). To reach 
outputs of this level, one needs a tran- 
sistorized d-c amplifier that will accept 
a d-c current of about 50 wa (the ler 

at which satisfactory averaging at low 
rates can be performed with reasonabl 
But, as we 


later, such amplifiers have difficulties 


size capacitors). will see 


with leakage and drive currents that 
change with time and temperatur 
Pulse sorters and data handlers. 
While amplifiers, high-voltage supplies, 
ratemeters, etc. have changed very lit- 
tle with the years, the sorting equip- 
ment following these units has becom: 
quite complex. As 
equipment is digital (i.e. 
cuits) it is an ideal field for transistors 


nearly all this 
no analog cir- 


Transistorized multichanne! pulse-am- 


FIG. 7. CURRENT OR VOLTAGE 
TRANSISTOR DISCRIMINATOR 
This circuit contains a pair of tran- 
sistors coupled together in a trigger 
circuit [Class 2(b) of Fig. 1] with 
both transistors conducting in the 
steady state. The circuit is poten- 
tially unstable but the forward-biased 
discriminating diode CR1 shunts the 
collector load of Q1 at frequencies 
passed by C3. This reduces the loop 
gain of the trigger circuit below unity 
and so stabilizes it. Any disturbing 
input-pulse signal that reduces the 
current in diode CR1 below a certain 
critical level will operate the trigger 
circuit and cause it to execute a single 
cycle with the waveforms shown. The 
circuit has a dead time of about 1 sec 
with a very fast recovery time 


FIG. 6. DIODE DISCRIMINATOR 
Diode CR2 is normally conducting 
with bias current |. CRI1 is reverse 
biased by the positive d-c voltage on 
R1. A negative input pulse over- 
comes the reverse bias on CR1 and 
causes this diode to remove part of 
the current | from diode CR2. This 
produces a voltage pulse across CR2 
that triggers the trigger circuit 


plitude analyzers, timesorters and other 
sorting instruments have been devel- 
oped by several groups (36-39) and ex- 
The digital 


techniques are almost the same as those 


ploited commercially. 


in computers. 
Kicksorters. Nearly all 
kicksorters 


storage to 


modern 


multichannel have com- 


puter-type record input 


pulses. Each pulse entering the unit 
is converted into an address code for 
the 


pulse amplitude. 


the code depending upon 
The first 
producing the code is to charge a capaci- 
tor through a diode to the peak pulse 
If the amplitude is to be 


storage, 


step in 


implitude. 
remembered accurately, leakage in the 
diode through its back resistance and 
capacity and 
kept small, 
These also important for 
pulse lengtheners. The 
are fast diffused-silicon types 


reverse-transient effects 


carrier storage) must be 
factors are 
diodes 


40) but 


ideal 


these have only recently come into 


production; previously, fast alloy-junc- 
tion silicon diodes (e.g., 1N252) or 
germanium gold-bonded diodes (e.g., 
5-100) have been used. L. B. Robin- 
son (44) has used a series combination 


of a fast-recovery diode (which has 


large d-c leakage) and a silicon-junction 


low-frequency diode (poor recovery but 
very low d-c leakage); in this way he 
gets some of the advantages of each 
type of diode. 

A short period of time after the 
capacitor has been charged, it is dis- 
charged by a constant current or by a 
diode pump with a staircase waveform. 
The time required for the charge on the 
capacitor to be removed is measured. 
Transistors and semiconductor diodes 
can perform all of these operations, 
although one must be careful that the 
added circuits do not produce variable 
leakage currents to the storage capaci- 
tor. All the digital operations involved 
can be performed well by transistors at 
frequencies up to 5 Me or so. 


Discriminators 


The nonlinear behavior of semicon- 
ductor junctions at low levels becomes 
important for discriminators. Gener- 
ally speaking, the voltage drop across 
a semiconductor diode at constant cur- 
rent is more constant with time than 
that of a vacuum-tube diode but more 
dependent on ambient temperature. 
Fortunately, a large part of the tem- 
perature dependence is the same for 
diodes of a given type, so that there is 
some hope of compensating for tem- 
perature effects. 

Figure 6 shows a simple application 
of this principle to a voltage discrimi- 
nator. The accuracy in determining 
the amplitude of the input pulse is 
limited by the diode leakage 7 in CR1 
which causes a d-e drop across R1), by 
relative changes with temperature of 
the voltage drops in CRI and CR2 
which the 


become important when 





R3 
14.7k 


Ci 
Guan 0 


input 
current 
puise 


2.4 
({negotive) | Pe 











r 


CR2 
IN625 





at 
Q5/10 3 


C3 
1,500muf 6810 


« 
x 


R6 4 


+> 


> RB 
> 3302 


Output 








Protective 
diode 


June, 1959 - NUCLEONICS 





diode currents produce an output signal 
just adequate to operate the sensitive 
trigger circuit) and by the capacitive 
and storage currents in CR1 and CR2 
respectively. The effect of % can be 
reduced with silicon diodes (in many 
types the leakage current is less than 
0.25 wa at 55° C) and a small value for 
R1. Tests on the balanced arrange- 
ment in Fig. 6 show that the cancella- 
tion of voltage changes in the diodes is 
good to about +10 mv over a +10° C 
range of temperatures with no diode 
selection and that selection of diodes 
improves this result still further. Fast 
recovery and low-capacity silicon diodes 
are necessary to reduce frequency 
effects (40). 

Because the drift of semiconductor 
diodes (+10 mv) is better than that of 
vacuum-tube diodes (+50 mv), the 
designer can increase the discrimination 
or window-width accuracy in circuits 
operating at pulse levels common for 
existing systems (up to 50 volts) or, 
alternatively, get existing accuracies 
A reduction 
in signal level by a factor of 5 or so would 
ease the serious problems now faced in 


at reduced pulse levels. 


designing the output stage of wideband 
Moreover, the pulse volt- 
ages in the output stage of such ampli- 
fiers would then come within the volt- 
age-handling range of transistors. 
Another approach to the low-level 


amplifiers. 


discriminator problem is the Kandiah 
arrangement (41, 42) of transistors and 
diodes. <A _ circuit of 
this type (Fig. 7; for corresponding 
tubs 
recently 


semiconductor 


circuit see p. 71) was described 
,3) that can serve as a current 
or voltage discriminator. It is par- 
ticularly convenient as a current dis- 
criminator when a transistor amplifier 
precedes it. 

The 
is that the incremental diode imped- 
of CR1) must exceed (in absolute 


necessary triggering condition 


ance 
value) the effective negative impedance 
produced by the trigger circuit at the 
Qi. The input current 
signal required to do this is determined 
partly by the diode characteristics and 
partly by the bias current (determined 
by R1) in the diode. Triggering ac- 
curacies of about +1 wa are possible 


collector of 


over periods of several days and a tem- 
perature range of +10° C. The cir- 
cuit also works as a voltage discrimina- 
tor when positive voltage signals are 
fed into the base of Q1. In this mode 
it has accuracies of about +1 mv in 
triggering and designs are possible that 
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FIG. 8. BASIC PULSE-CURRENT-AMPLIFIER STAGE 


The feedback via R3 fixes the stage gain and d-c conditions. 


The medium- 


frequency gain of the circuit is almost equal to a2(R3 + R5)/R5 (where a. = cur- 


rent gain of Q2). 


11 and the bandwidth is about 10 Mc (for zero-impedance load). 
transistors have a cut-off frequencies of about 100 Mc. 


With the values and transistors shown, the current gain is 


The 2N384 
Delay-line shaping 


can be used in the collector circuit of Q2 if desired 


will trigger from signals of 10 mv or 
less. 

The circuit in Fig. 7 has a dead time 
of about 1 usec and a very fast recovery 
because of the fast recharging of C3 by 
CR3; R4 serves to speed up this re- 
covery process slightly. The short re- 
covery time reduces the dependence of 
the circuit triggering threshold on 
repetition frequency. 


FUTURE USES 

So far we have discussed circuits in 
which transistors are rapidly replacing 
vacuum tubes (i.e., pulse and switching 
Now 
sider areas where transistors have yet 
to establish their superiority over vac- 
uum tubes. 


applications). we want to con- 


Pulse Amplifiers 


Although transistor amplifiers satisfy 
many specialized applications (445-47), 
such as health instruments where sim- 
ple circuits can be used, design of tran- 
sistor amplifiers with sufficient versa- 
tility for nuclear-physics research is 
another problem. Here very high per- 
formance may be demanded, particu- 
larly with regard to bandwidth, gain 
stability linearity. Also, 
overload performance is often required 


and good 
and noise may be a serious problem. 
With regard to this last factor, A. R. 
Jones has investigated the noise in 
transistor amplifiers for ionization 
chambers and concluded that his best 
transistors (this 1956) were 
about a factor of ten worse than tubes 


was in 


in signal-to-noise ratio under optimum 
conditions (48). Despite recent im- 
provements in transistors in other re- 
spects, little improvement has been 
realized in this area. We can reason- 
ably conclude that vacuum tubes will 
continue in use for low-noise ionization- 
chamber preamplifiers but that transis- 
tors will replace tubes in the later stages 
of amplifiers. 

Until recently, it has been difficult to 
have large negative feedback in tran- 
sistor amplifiers: the existing transistors 
did not have adequate gain and small 
enough phase shifts over the frequency 
range needed for general-purpose nucle- 
onic amplifiers up to~10 Mc. Now we 
have several types of transistors with 
fao ranging from 100 to 750 Me that 
should be useful in future pulse ampli- 
fiers. Insertion of time constants ex- 
ternal to the transistors will simplify 
the design of the feedback 
With this improvement and the new 
transistors, we can expect to achieve 
gain stability, linearity and frequency 


stages. 


response adequate for most purposes. 

A slight problem may still exist at 
the output stage of the amplifier that 
the kicksorter. The collector- 
voltage range of high-frequency tran- 
sistors will probably limit output sig- 
nals to about +10 volts so that kick- 
sorters will have to analyze signals of 
this level. As seen earlier, drifts in 
semiconductor diodes used as discrimi- 


feeds 


nators are small enough to analyze 10- 
volt pulses. 
In practice, it is considerably more 
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FIG. 9. SIMPLE D-C AMPLIFIER 
Input signals (V;,) are fed to the base 
of Q1; the circuitry associated with 
Q2 is included to partially compen- 
sate for temperature effects in Q1. 
The current in R2 shares between 
the emitters of Q1 and Q2. The 
values of R3 and Ré4 are chosen to 
minimize temperature effects in the 
whole circuit. Drifts arise because 
of changes in the emitter-base volt- 
ages of Q1 and Q2 and variations in 
leakage and drive currents of O1 and 
Q2 that flow in R, and R4, respec- 
tively, producing voltage changes 
across these resistors 


difficult to design transistorized voltage 
amplifiers than current amplifiers (i.e. 
having low input and high output 
impedance). Feedback techniques can 
raise the impedance looking directly 
into the base of the first stage but the 
biasing resistor shunting this input can- 
not have a large value (because of th 
transistor-leakage and drive currents 
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that flow in the biasing resistor and 
thereby upset the d-c circuit condi- 


On the other hand, the com- 
ase with which low-input- 


tions). 
parative 
impedance current-amplifying stages 
can be designed is shown by Fig. 8. 
This basic design has been used exten- 
sively at Chalk River and was also de- 
scribed by Baker (49). 


D-C Amplifiers 


D-c amplifiers are often used in nu- 
cleonics, particularly in reactor control, 
data-logging and safety systems. With 
redundant units, an over-all system can 
operate very satisfactorily despite the 
unreliability of the individual units; 
however, the penalty is in higher main- 
Substituting 
tors for vacuum tubes where possible 
should reduce costs. At the 
present, there is a trend towards data- 


tenance costs. transis- 


these 


logging systems for monitoring all reac- 
tor information, both nuclear and non- 
nuclear. With the number of variables 
to be monitored in the range of 100 to 
1,000, one can reasonably predict that 
such systems will operate reliably only 
if extensively transistorized. 

In all d-c circuits the main problems 
in applying transistors arise in the input 
stages. Obviously transistors will work 
in the higher-level stages of d-c ampli- 
fiers if the problems due to drift in the 
early stages can be overcome. A large 
volume of literature exists on drift in 
amplifiers that use semiconductor de- 


vices (50-59). The most we can hope 


to do here is to indicate the problems 
and state the limiting performances 
achieved with the various circuits. 
Experimentally one finds that the 
most important drift in semiconductor 
due to temperature; the 
changes with time are usually quite 
The temperature effects con- 


devices is 


small. 
sist of leakage and gain variations and 
changes in junction-voltage 
These are illustrated in the circuit of 
Fig. 9. 

This circuit, which appears in many 
different guises throughout the liter- 
ature, tries to use one transistor to bal- 
ance the effect of temperature changes 
In practice this balance 


drops. 


in the other. 
is not good, although carefully selected 
transistors can give improved results. 
When the source impedance is very low 
a drift of the order of +100 uv/° C is 
possible with this arrangement at room 
temperature. 

The effects of collector leakage and 
gain variations become more serious as 
Thus 


with germanium transistors and source 


the source impedance increases. 


impedances greater than 10* ohms, the 


collector-leakage and gain-variation 
effects swamp the drift due to varia- 
tions in emitter-base voltage drop. 
This method of compensating drifts is 
sometimes useful, particularly if silicon 
transistors are employed to reduce col- 
lector-leakage effects (58 

A chopper-type input stage is an- 
other way to improve drift. A transis- 


tor or diode stage converts the d-c input 
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FIG. 10. 


CHOPPER INPUT STAGE FOR D-C AMPLIFIER 


When the cathode of CR1 is positive with respect to ground only a small fraction 
of the leakage current of CR1 (a silicon junction diode) flows into the base of 


Q1, so that Q1 is therefore almost nonconducting. 


When the cathode of CR1 


is at —10 volts, 100 wa is drawn from the base through R1 and the emitter- 


collector impedance of Q1 falls to a low value. 


Thus the input current through 


R, is alternately switched through the emitter of Q1 and through C1 into the 


input of the a-c amplifier 


into an a-c waveform that is amplified 
by a transistor a-c amplifier and recti- 
fied at the output. The zero drift then 
depends upon the performance of the 
input ‘‘switch.”’ The voltage drop in 
“closed” and its leak- 


age current when ‘‘open”’ are the limit- 


the switch when 


ing factors; their relative importance 
depends upon the value of the source 
impedance. 

With low-impedance source the volt- 
age drift in a transistor switch (49) ex- 
ceeds that in a mechanical chopper by 
one or two orders of magnitude but is 


much better than that in simple vac- 
uum-tube amplifiers. Hence for low- 
impedance sources, where the excellent 
drift of a mechanical chopper is not 
needed, transistors can replace me- 
mechanical choppers. 


On the other hand, for high-imped- 


ance sources, silicon-diode modulators 
(57) are probably the best semiconduc- 
tor choppers. But then leakage-cur- 
rent drift—of major importance in 
these applications—is much inferior to 
that of electrometer tubes or vibrating- 
reed electrometers. Thus, although 


semiconductor choppers have a very 
useful range of performance, this range 
does have limits. 

A typical chopper circuit for low- 
impedance sources is shown in Fig. 10. 
The performance of this type of chopper 
is described by Chaplin (51). The 
voltage error introduced by a chopper 
in this circuit in the “on” condition 
may be less than 100 uv while the cur- 
rent error due to leakage in the “off” 
condition is less than 10-* amp (each 
of these figures is for temperatures of 
20-50° C).* 

For low-current high-impedance 
sources better results are obtained with 
a silicon-diode ring modulator de- 
scribed by Moody (57). The equiv- 
alent input-current drift of a stage of 
this type may be smaller than 10-* amp 
at 20-50° C; future improvements in 
silicon diodes may yield still better 
results. 


* * * 


Stimulating discussions with several of my 
colleagues have resulted in much of the 
information contained in this article. Infor- 
mation has also been obtained from R. F. Shea 
and H. D. LeVine who were both kind enough 
to write giving details of their work and 
suggesting topics for discussion. 

The author also thanks the President of 
Atomic Energy of Canada Ltd. for permission 
to publish this article which contains knowl- 
edge derived from the program of the Research 
Division. 


* I know of no theoretical treatment that 
predicts these low drift figures whereas the 
results presented earlier are reasonably 
predictable. Further work on transistor 
choppers therefore seems to be necessary. 
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Modern designs are reaching new standards of stability, linearity 
and resolution. New discriminators that work at millivolt levels 


may reduce demands now placed on amplifiers 





PULSE DISCRIMINATOR design in recent 
years has tried to get better stability 
response to fast pulses, response to ver) 
small pulses, and good resolution of 
close pulses. Low-threshold discrimi- 
nators have been introduced by Kan- 
diah. However, much needs to be 
done to satisfy current requirements 
for detectors. 

For the accumulation of good detec- 
tor data for radiation measurements, 
one would like to have a discriminator 
with the following characteristics: 
*stability of 1% in the millivolt 
pulse-amplitude range 
® linear response and stability over a 
range of at least 100 times minimum 
acceptable pulse amplitude 
® resolution for two successive pulses 
at least as good as 0.5 usec without 
change of threshold 
® equal response to equal-height pulses 
varying in width from 10 mysec to 
>1 psec 
®no spurious responses from pulses 
1,000 times as great as the minimum 
acceptable amplitude 

It should be remembered, however, 
that the design of a stable amplifier 
is a problem inseparable from dis- 
criminator design for a completely 
satisfactory instrument. Amplifier 
stability better than 0.01% is required 
and also the ability to handle, without 
spurious effects, pulses 1,000 times the 
minimum useful threshold. 


Design Considerations 


A pulse discriminator is a nonlinear 
circuit element with a discontinuity 
in its voltage-current characteristic 
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at a threshold of current or voltage. 
Ideally the output would be zero up to 
the threshold; beyond the threshold 
the signal would be reproduced linearly 
for some applications, nonlinearly for 
The 
quired in the 


others. amount of control re- 


nonlinearity depends 
on the application. Pulse-amplitude 
spectra vary considerably depending on 
whether the detector is a proportional 
counter, scintillator, crystal counter or 
Hornyak button. 

Proportional counters and scintilla- 
tion detectors create demands for both 
linear pulse amplifiers and pulse-ampli- 
tude discriminators with designs that 
do not limit their capabilities as detec- 
tors. Crystal counters and Hornyak 
buttons produce even greater demands 
in stability. , 

A satisfactory pulse-height dis- 
criminator must have adequate fre- 
quency bandwidth, adequate resolution 
overload 


and satisfactory dynamic 


characteristics. 


DISCRIMINATORS 


By KENNETH A. McCOLLOM, Phillips Petrole wu Co., Idaho Falls, Idaho 


Bandwidth must be great enough to 
handle pulses of varying shapes and 
amplitudes. The threshold 
must subtract the threshold 
and the output register the 
remaining amplitude accurately. Nar- 
row pulses come from the quick re- 


device 
voltage 
must 


sponse of some detectors such as cer- 
tain organic scintillators and also from 
sharply peaked pulses that just exceed 
the threshold (7). 

Detector pulses as presented to the 
discriminator may have both varying 
The 


threshold device must have a high de- 


shapes and varying amplitudes. 


gree of independence from wave-shape 
fluctuations in its action of subtracting 
a predetermined portion from the lower 
part of the pulse. The output circuit 
of the threshold device in turn must 
have sufficient frequency response. It 
must be able to retain accurately the 
amplitude of that portion of the pulse 
above the threshold after the discrimi- 


nator acts. 





FIG. 1. 


DIFFERENCE AMPLIFIER can be connected as comparator, trigger 
circuit or monostable multivibrator to make high-level discriminator 
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Resolution can be defined as the 
time interval 6 required for the thresh- 
old to be re-established within an 
increment ¢€ of the value it had before 
the circuit was disturbed by a pulse. 
The length of 6 depends on time 
constants and charges in the disturbed 
circuit. During the disturbance the 
threshold may be either greater or 


smaller than it normally is. Another 
important consideration during the 
disturbance is changes in circuit 


impedances, which may be great in 
regenerative circuits (2). 

For accurate pulse-amplitude data 
the discriminator should generate either 
an output pulse within the threshold 
level € or no pulse at all—a circum- 
stance difficult to obtain. A careful 
study should be made of time-varying 
relationships as they affect the thresh- 
old level. Driving impedances into 
and out of the pulse-amplitude dis- 
criminator should be examined closely 
to determine their effects on the time 
constants. 

Dynamic overload characteristics 
are particularly important if one is 
detecting two kinds of particles at the 
same time. Both amplifier and dis- 
criminator must be able to operate in 
the presence of large overload pulses 
if much smaller pulses are to be recog- 
nized accurately. The amplifier must 
overload gracefully and avoid double 
pulsing; the discriminator must not 
experience altered voltages that will 
cause spurious pulses. 


Discriminating Elements 


The commonest discriminating ele- 
ments are the back-baised diode and 
the biased-off amplifier. The first is 
a diode so connected that it is nor- 
mally subjected to a voltage tending to 
make current flow in the reverse 
direction. The diode will pass current 
in the forward direction only when a 
voltage pulse overrides the bias. 
Similarly a biased-off amplifier has a 
steady-state bias at its signal input of 
such sign and magnitude that the 
amplifier passes no current. An input 
pulse that overrides the bias causes the 
amplifier to current. Either 
thermionic or semiconductor elements 
can be used to make either type of 
discriminator. 

Thermionie diodes fall short of ideal 
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FIG. 2. HIGH-LEVEL DISCRIMINATOR uses several features of Fig. 1 
simultaneously. Breakaway diode D1 sharpens response 


linearity mainly because of the finite 
velocity of electrons emitted from the 
cathode. Zero current and zero volt- 
age do not occur simultaneously. The 
position of the discontinuity in the 
voltage-current characteristic depends 
on cathode temperature and work func- 
tion of the cathode surface. 

Crystal diodes do not have this 
difficulty, but their characteristics 
change with temperature. Since dy- 
namic resistance of the diode is one of 
the circuit parameters establishing the 
threshold, most circuits have an un- 
certainty in the threshold of ~0.1 volt. 

Considering both sharpness of non- 
linearity and interelectrode capacitance 
one concludes that crystal diodes are 
probably better threshold-establishing 
elements than thermionic ones. Inter- 
electrode capacitance is always a 
problem because it passes a portion of 
the signal even when the signal is 
below the threshold. In thermionic 
diodes this capacitance is ~2 yuyf and 
essentially constant. Signals of the 
proper phase and polarity to counter- 
act that passed by the interelectrode 
capacitance—called “‘paraphase”’ sig- 
nals—can be introduced at various 
points of the circuit (3). In erystal 
diodes the interelectrode capacitance 
ranges from 0.2 to 500 uuf depending on 
type. Compensation is difficult be- 
cause capacitance varies with reverse 


voltage. For a given forward resist- 


ance, silicon diodes have greater 
capacitance than germanium ones. 
However, small capacitances are avail- 
able, and sharp nonlinearity gives the 
crystal diodes significant advantages. 

Biased-off thermionic amplifiers have 
the same threshold drifts as thermionic 
diodes. Moreover shifting of addi- 
tional electrode potentials may change 
the cut off. Transistors stand in the 
same relationship to thermionic ampli- 
fiers as crystal diodes to thermionic 
diodes. Temperature variation in Igo, 
bias current for zero emitter current, 
also causes trouble. Introduction of 
control elements in the circuit causes 
additional fluctuations. 


High-Level Discriminators 


A high-level discriminator can be 
defined as one with a threshold be- 
tween 1 and 120 volts. Amplifying 
the input pulse to this range of 
amplitudes reduces the importance of 
the basic uncertainty in the threshold 
of back-biased diodes and _ biased-off 
amplifiers. 

A commonly used high-level dis- 
criminator is the difference amplifier 
of Fig. 1. Connected as shown in 
Fig. 1b and properly adjusted, the 
circuit gives a voltage difference at the 
plates proportional to the voltage dif- 
ference at the grids. To make a 
discriminator one adjusts C.~ so that 
V2 is conducting and C,~ so that V1 
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FIG. 3. COMPARATOR circuit re- 
places grid resistors of symmetrical 
multivibrator for 10-100 my threshold 


is cut off by the amount of the 


threshold. 
Connecting the circuit as shown in 
Fig. le makes a Schmitt trigger 


circuit, and the arrangement of Fig. 1d 
makes a cathode-coupled monostable 
multivibrator. Both add regeneration 
above the threshold to the 
difference circuit. 

The breakaway-diode circuit of Fig. 


basi 


le is nonlinear when the diode stops 
conducting rather than when V1 
starts. In the equilibrium condition 


the diode conducts; so the plate current 
of V2 is divided 
plate resistors. When a positive pulse 
V1 to conduct 
the two plate potentials remain equal 
the through V1 is 
great enough to cause the diode to 
this point the 
two tubes are operating at maximum 


between the two 


causes more urrent, 


unless increase 


cease conducting. At 


gain, and the result is a sharp break 
in the characteristic. 

These balanced circuits reduce th 
effect of heater-voltage fluctuations | 
a factor of ~10 (4) and the effect of 
variations in 


j 


plate-supply and bias 


voltages by a factor of ~u+ 1 as 
seen at the cathodes 
Contact (electron-affinity) potential 


differences between grid and cathode 


can cause threshold uncertainties of 
~0.1 volt. The problem is further 
complicated by the fact that thes 


potentials change with aging of th 
tubes. 

An example of careful use of som« 
of these techniques is shown in Fig 
2 (5). The difference amplifier, VJ 


74 


and V2, has two high-transconductance 
tubes for a large frequency bandwidth. 
There is also a breakaway diode D/ 
Schmitt trigger arrangement. 
V3 holds constant the total plate cur- 
rent for V1 and V2. 
injected 


and a 


The paraphase 
5.6-pl 
capacitor to the control grid of V3, 


signal, through the 
counteracts the pulse coupled through 
When 
Vi draws 3 ma of the 7.5-ma total 
plate current, diode D1 cuts off, and 


grid-cathode capacitance in V1. 


the circuit becomes a modified Schmitt 
circuit, D2 
voltage change available for V2 to 
~0.9 volts. 


trigger limits the grid- 


It also slows the return to quiescent 
condition in that the 0.1-uf capacitor 
must charge through the small forward 
resistance of the diode before the plate 
of V1 reaches its quiescent potential. 
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FIG. 4. FAST BRIDGE circuit re- 


sponds to very short pulses 


Thre shold 


rameters 1s 


hysteresis with these pa- 

~0.3 volts and is deter- 
mined by the current reduction in V1 
necessary to bring the current in D2 to 
zero. Hysteresis is defined as the dif- 
ference between the voltage on the ris- 
ing pulse that triggers the circuit from 
its quiescent condition and the voltage 


on the falling pulse at which the circuit 
can return to quiescent from its non- 


quiescent state. 
V4 speeds the return to quiescent 


conditions. One section is a_ boot- 
strap cathode follower and the other 
recharges the screens of V/ and V2 


to keep their potentials at a desired 
value. Zero reference for the grid of 
Vi is set by 
potential on the grid of V2. 


A-8 amplifier that this 


V45b from the average 
The 


drives dis- 


criminator has outputs to 120 volts 
with a rise time of 0.18 usec. 
A General Radio Co. 


specifications indicating that a good 


circuit has 
pulse-amplitude discriminator could be 
based on it (6). The circuit compares 
a linearly increasing potential with a 


fixed one to produce time delays as 


small as 1 usec with 1% accuracy. 
Figure 3 shows a symmetrical multi- 
vibrator with grid resistors replaced 
by V2a V2b. Because of the 
grid biases, V/a is normally conducting 
and V1b is normally off. <A positive 
pulse at the grid of V2a will trigger 
the circuit if it is greater than a thresh- 
old that depends on the potential at the 


and 


grid of V2b. Hysteresis as measured 
at the input grid depends on the 
amount by which V/b is cut off. 


Typical thresholds are 10-100 my. 

A modification of this circuit with 
refinements common to multivibrator 
circuits functions as a discriminator 
at up to 300 keps and over a range of 
0-120 volts. Attractive 


high input impedance and fast response. 


features are 


Fast Discriminators 


Fast organic scintillators with pulse 
rise times and durations in the milli- 
microsecond range have pushed the 


I fast 
prime importance for quantitative data 


deve lopment ¢ 


circuitry. Of 


from such phosphors is a pulse-ampli- 
tude discriminator with sufficiently fast 
response. Two specifications are im- 
adequate discrimination for a 
short 


portant 


given rise time and return to 
quiescent conditions within a specified 
time. The first of these specifications 
is not too hard to get. The second re- 
quires considerable ingenuity. Invari- 
ably 
gain-bandwidth product. 

One of the best 


this type is a simple biased germanium 


one must use tubes with a high 


discriminators of 
diode. The combination of low effec- 
tive capacitance, good sensitivity, fast 
response and simplicity are hard to 
beat. Temperature control is usually 


required. There are several ways of 
improving the diode response in bridge 
circuits. 
Figure 4 shows a simple bridge- 
Its 6AK5’s op- 


erate with pulses as short as 6 mysec 


circuit discriminator. 
and almost equally well with pulse 
durations in the range of 6 mysec to 
). Output 


l msec or more (7 pulse 


duration is 3 psec. 
Another fast discriminator is shown 


in Fig. 5 (8). The threshold amplifier 
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grid-bias potentiometer of Vi can 
change the threshold. The circuit 
triggers easily with 5-mysec, 2.0-volt 
input pulses. An attractive feature is 
that the 50-mysec output pulse is almost 
independent of threshold setting. 
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Py Low-Level Discrimination 
0.0! > at ; A new line of low-level discriminators 
input —_ - has grown out of the technique of 
318k using a negative resistance in parallel 
EIBOF EIBOF |. E EISOF with a diode. These are sensitive 
' vil v2 $100k $ v3 for pulses of 1-500 mv. The original 
3100k =s2 ' circuit introduced by Kandiah is 
$3.9k EI8OF |V5 100 shown in Fig. 7 (1/0). A _ cathode- 
100k$ coupled multivibrator produces the 
002+ 15 ‘ negative resistance, and this is in 
yc- +1Pe , parallel with a positive resistance 











= offered by the diode. 
Operating the diode in the retarding- 
FIG. 5. FAST DISCRIMINATOR has threshold amplifier with breakaway field region up to ~500 vamp gives a 
diode and resolves 20 usec pulses only 20 usec apart nearly constant dynamic resistance for 
different tubes of the same type. For 
higher currents, differences in total 
V1, V2 and the breakaway diode Secondary-emission tubes are desir- emission and changes with time in re- 


provides enough gain for input ampli- able for fast circuits. They are su-  sistances between cathode sleeves and 
tudes of 1-21 volts. Next is a modi-  perior to pentodes in gain-bandwidth coatings give inconsistencies between 
fied cathode-coupled Schmitt trigger product. A circuit using these tubes diodes. For lower currents the second 
circuit. V4 is normally conducting. is shown in Fig. 6 (9). Vi amplifies effect is negligible because the total 
Following trigger action a positive the negative input pulse and provides _ resistance is large. 

pulse is coupled from the plate of V4 both current and voltage pulses to V2. In the circuit of Fig. 7, V2 is nor- 
to the grid of V4 to accelerate the fall V2 has regeneration because of the mally conducting and V1 is biased off. 
of the common cathode potential. variable capacitor between dynode V3 is adjusted to pass enough current 
D2 and D3 limit the negative pulse on andgrid. Itcanhaveeitheranastable that pulses below the threshold will 
the plate of V3 to 3.5 volts and the or monostable operation. Proper grid be clipped by the diode and not 
positive pulse on the plate of V4 to bias puts it in a monostable condition. trigger the multivibrator. Adjusting 
only a few tenths of a volt. Threshold From this state a great enough trigger the current through V3 adjusts the 
depends somewhat on pulse width, pulse can lift it into a regenerative threshold. The divider Ri and R2 
but there is excellent fast response. state in which the loop gain is greater supplies a negative feedback so that 
Two 20-mysec pulses separated by than unity. changes in the multivibrator circuit do 


20 musec can just be resolved. Both the variable capacitor and the not change the threshold. Contact 
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FIG. 6. SECONDARY-EMISSION-TUBE CIRCUIT responds easily to FIG. 7. LOW-LEVEL DISCRIMINATOR 
5-myusec, 2.0-volt pulses uses diode in parallel with negative resistance 
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ADAPTATION 


available with 


FIG. 8. 
resolution 
Fig. 7 


improves 
circuit of 


FIG. 9. MORE STABLE VERSION 
uses negative resistance from cathode 
to grid 











Difference 
amplifier 











Ro 


FIG.10. DOUBLE-FEEDBACK cir- 
cuit offers high sensitivity 


FIG.11. MODIFICATION of circuit 
of Fig. 10 has isolated input 


76 


potentials of V1 or V2 can change by 
and the diode current will 
change by less than 1%. Without 


the divider the resulting change would 


100 my, 


be 100 ma. 
Threshold stability in this circuit 
discrimination at the 100-my 
The thresh- 
10% down to 


illows 
level with 2% accuracy. 
ld is stable to at least 
20 mv, and the circuit will trigger down 


to 2 mv. Resolution is ~70 psec. 


Such stabilities at such low levels 
call for an evaluation of the amplifier- 
discriminator relationship. Before de- 
sign of this 


pulses had to be amplified to 5-100 


low-level discriminator, 
volts to discriminate with 1% accuracy. 
Discrimination at 1% at the millivolt 
much or all of the 


level eliminates 


implification formerly required. some 


discriminators can follow elements 


ke photomultipliers directly with a 
orresponding reduction in the amount 
of equipment required and the inherent 
sources of trouble. 

One disadvantage of the original 
Kandiah discriminator is poor resolu- 
The Fig. 8 is an 


ittempt to adapt the basic circuit to 


tion. circuit of 


rapid response (11). Separate cathode 


resistors to stabilize each tube replace 


the common cathode resistor and 


negative plate-to-grid feedback of the 
The thermionic diode 
crystal diode D1. A 


original circuit. 
is replaced by 
negative input pulse reduces the cur- 
rent in V/ and also the clamping cur- 
rent in D1 At the threshold the 
ipedance of D1 becomes great enough 
for a loop gain of unity. D2 limits 
the rise allowed to the control grid of 
V2. The feedback loop is completed 
the 200-uyf capacitor that couples 
V2 to the 
IN100 as 


the rise of the cathode of 
cathode of V1. 
D1 results in ~1-ysec resolution and 

threshold of 7-400 my. Threshold 
is adjusted by the potentiometer which 
through D1 be- 
Stability 


Using a 


idjusts the current 
150 and 500 yamp. 


measured yet, but 


tween 
has not been 
qualitatively it looks good. 

\ further development to 
resolution has d-e coupling from the 
plate of V1 to the grid of V2 (12). It 
range of 20-130 my 


increase 


has a threshold 
and resolution of 1 usec. 

The extension of the Kandiah circuit 
shown in Fig. 9 uses the negative 
resistance between screen and cathode 

13). Negative resistance results from 
between screen 


division of current 


and plate. This system was selected 





after an investigation to determine the 


most stable negative resistance avail- 
able. Voltage sources, screen, plate 
and cathode currents, and screen and 
stabilized. As a 


a virtual cathode 


plate potentials are 
result the tube has 
fed by a constant current and a con- 
trol-grid potential such as to maintain 
a fixed ratio between screen and anode 
currents. Discrimination level is 1-30 
mv with | % stability. 
With respect to pulses, DJ and D2? 
are in parallel; their dynamic conduc- 


add. The 


initial pulse 


tances time interval be- 


tween and return to 
equilibrium depends only on the cur- 
rent through D2; it is independent of 
threshold, which is set by the current 
through D1. In the 


this interval is 30 usec. 


circuit shown 
With proper 
constants and 


manipulation of time 


diode currents resolution can be re- 
duced to 4 psec. 
Figure 10 


discriminator with high sensitivity 


a balanced d-c 
14). 
The significant difference between this 


shows 


and previous circuits is the use of two 
feedback paths. A positive feedback 
includes the diode 
negative feedback includes the 
resistors R. Net feedback 


depends on the diode resistance. 


and resistor Ro; 
two 
polarity 
Loop 
gain becomes greater than one when a 
negative input pulse exceeds the 
threshold and makes the diode resist- 
ance greater than Ro. Increasing the 


gain of the amplifier reduces the 
threshold. 


In | ip 
that resembles the one of Fig. 10 


11 is a sensitive discriminator 
11). 
he trigger is a negative pulse at the 


Theoretically an unlimited 


input 
amount of gain can be used to increase 
Dependence 


and: sensitivity 


of sensitivity on transconductance can 


speed 
be made negligible. Thus sensitivity 


much greater than diode 
stability. With 
the threshold 


temperature equilibrium is 


can be 
temperature control 
varies less than 1 mv 
arte! 
reached. Perhaps other nonlinear de- 
vices of greater stability can even im- 


prove this. 


Transistor Discriminators 


Replacing vacuum tubes with tran- 
offers the 
and 


sistors benefits of 


greater 


reliability smaller power con- 


sumption. Another benefit for pulse 
equipment is inherent low impedance. 
This reduces the effects of pickup from 
impulsive control equipment, are 


welders, ete. 


June, 1959 - NUCLEONICS 








FIG. 12. TRANSISTOR DISCRIMINATOR is based on Kandiah principle FIG. 13. ANOTHER TRANSISTOR CIR- 
of circuit shown in Fig. 7. Negative feedback increases stability; positive CUIT has smaller gain, less stability but 


feedback creates negative resistance 


A low-level transistor discriminator 
based on the Kandiah principle is 
shown in Fig. 12 (15). For stability, 
negative feedback is introduced be- 
tween the output and the first emitter 
of a three-stage amplifier. Amplifier 
gain is 50. Negative resistance be- 
tween the input terminals is achieved 
by positive feedback from the output 
to the first base. The negative resis- 
= R/(A — 1) 


where R is positive-feedback resistance 


tance is given by Rue, 
and A is amplifier gain. 

The diode is the positive resistance 
in parallel. The result is a current 
threshold established by the diode 
current. It is adjustable between 5 
and 50 wamp with a stability of 1%. 

Another transistor circuit uses the 
same principle but with smaller loop 
gain (16, 17). It is shown in Fig. 13. 
Reduced gain leads to a corresponding 
reduction in threshold stability. On 
the other hand this circuit has a 
resolution of 2 usec, which is better 
than that of the circuit shown in 
Fig. 12. Thus this circuit is best used 
to reject pulses below its threshold 
when pulse-height distribution is not 
sensitive to changes of ~10% in 
threshold. 

This circuit is for current pulses. 
However, if a resistor is inserted be- 
tween the base of Q/ and ground, the 
circuit becomes a voltage-pulse dis- 
criminator for pulses inserted at the 
base. 

A high-level discriminator is shown 
in Fig. 14 (18). It uses some of the 
basic techniques described for vacuum 
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better resolution 


tubes. Q1 and the Zener diode D1 _ trigger circuit that is described in con- 
provide a constant current to the nection with Fig. 1. 
common emitter connection between 


Q2 and Q3. Q2 and Q3 form a com- Ts eidior coieenbeten Mehl ee 
parator. Q 2 conducts all of the current gestions concerning information to be covered 
from Q/ until a positive input pulse ‘is survey article by K. Kandiah, Elec- 
aS on tronic Division, AERE, Harwell, England; 
exceeds the positive reference. There- Prof. E. Gatti, Electronic Division, CISE, 
after Q3 conducts all the current from Milan, Italy; A. B. Van Rennes, Research 
, eee P _ »g Laboratories, Bendix Aviation Corp., De- 
Q1; colle ctor current trom Q3 be comes troit, Mich. and D. R. de Boisblane, ‘as 
large enough to cut 4 off ; the regenera- Energy Division, Phillips Petroleum Co. 
tive pair Q4, Q5 switches to its second Of many excellent suggestions only part could 
be included in an article of limited length. 
B. G. Nelson made very hel pful characteristic 
which current is divided between Q2 checks on some of the circuits. 


* * * 


stable state. The transition band in 


and Q3 can be made as small as 20 mv. 
The regenerative pair can be thought BIBLIOGRAPHY 
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Scalers have evolved from tube circuits counting by twos 


to transistorized versions counting by tens. 


Now the trend 


is toward increased use of special decade counting tubes 


| SCALERS 


By HUGH F. STODDART, Baird-Atomic, Inc., 


COUNTING PULSES from a radiation d 
tector is an important part of most nu- 
clear measurements. In early work 
mechanical registers were used for puls 
counting, but even the fastest wer 
slow compared with the rates from de- 
tectors. To overcome this problem, it 
was necessary to divide or ‘‘scale’’ down 
the counting rate electronically to a 
level at which it could be measured 
These electronic devices are 
binary scalers, having several stages of 
binary flip-flop circuits, each of which 
provides an output pulse for every 
other input pulse. 


The Flip-Flop 


A flip-flop (FF) is a symmetrical cir- 
cuit with two stable states, usually dis- 
tinguished by the binary numbers ‘‘0” 
and “7.” A typical FF is shown in 
Fig. la. Because of the d-c connection, 
only one section of the double triode 
can be conducting at any one time. 
For the purpose of explanation let us 
designate the state in which the right 


known as 


FLIP-FLOPS BY EASY STAGES 
FIG. 1. 


section of the tube is ‘‘on”’ by the 
binary 0 and the state in which the left 
section of the tube is the 
If the FF is in state 0 and 


tube 


‘on’ By 
binary /. 
we force the grid of the right 
momentarily negative, the circuit will 
“flip” to state 1. This is termed “‘set- 
ting /.”’ If the circuit is already in the 
1 state, the act of setting / will clearly 
not ‘‘flop”’ the circuit back to 0. Like- 
wise, we refer to forcing the grid of the 
left 
“setting 0.” 

By “steering” an input pulse with 


tube momentarily negative as 


diodes biased in an appropriate manner 
by the FF itself, it is possible to select 
the act of setting in such a way that the 
This is 


illus- 


FF always reverses its state. 
called 
trated in Fig. 1, right. 
tangular pulses at the input is differ- 
entiated by the RC network, producing 
The positive 


“complementing” and is 


A train of rec- 


the indicated waveform. 
transitions can be ignored since they 
are blocked by both steering diodes. 
In the 0 state the negative transition is 


D-c connected symmetrical circuit has 


two stable states; here right-hand tube is conduct- 


ing. If grid of that tube is carried 


negative 


momentarily, circuit will “‘flip’’ to state in which 


left-hand tube conducts. 


reverse state. 


FIG. 2. Transistorized version of flip-flop shown 


in Fig. 1 


FIG. 3. More sophisticated transistorization is 
reflected in transformer-coupled stage shown here 


Steering diodes, shown 
in heavy lines, direct input pulses so as to always 














Cambridge, 


V assac h uselts 


blocked by the left steering diode but 
not by the right one. This results in a 
negative pulse at the right tube grid, 
causing the FF to be set to J. The 
same reasoning applies in case the FF 
is in the / state originally except that 
it is the left steering diode that is con- 
ducting, causing the FF to be set back 
to UV. 

The capacitors that have been added 
across the two grid-plate resistors speed 
up the regenerative action but are some- 
times referred to as ‘‘memory” capaci- 
tors since they also provide a memory 
of the 
transition. 


previous state throughout a 
This is because there is a 
greater charge on the capacitor con- 
nected to the grid of the conducting 
tube than on the other capacitor. 
Thus, this grid is momentarily swung 
further off than would otherwise be the 
case due to the d-c connection alone. 
This 


getting,” half-way through the transi- 


prevents the circuit from “for- 


tion, which way it is going. 
An output can be taken from either 
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plate-load resistor of the FF. The load 
resistor is sometimes split as indicated 
in the figure to avoid placing too much 
stray capacity directly on the plate 
For the FF illustrated in Fig. 1 a 1 to 0 
transition produces a negative voltage 
step suitable for complementing another 
FF. 
by cascading two FF’s. 

Figure 2 shows a circuit for a transis- 
tor FF that is very similar to the one 
illustrated in Fig. 1b for a vacuum tube. 
A more elegant transistor FF, taking 
better advantage of the characteristics 
of transistors (1), is given in Fig. 3. 


A scale-of-four can be obtained 





Statistics of Counting 


In virtually all nuclear uses of pulse 
counters, the input pulses are distrib- 
If the scaler 
cannot distinguish pulses close together, 


uted randomly in time. 


it will falsely count two pulses as only 
one, indicating fewer counts per minute 
than actually occurred. 

The probability of exactly k counts 
occurring in a time interval t following 
a previous count is given by the Poisson 
distribution 

(Rt)* 


P, = i! -e7 Rt (1) 
where R is the average counting rate. 
Usually the scaler resolving time is 
short compared with the average spac- 
ing 7 between pulses. Since 7 = 1/R 
we can simplify Eq. 1 


0.01 (i.e. 5-usec resolving time 


For T° 


and average count rate of 2,000 cps) we 
have 
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FIG. 4. 


in a train of ten. 
tenth pulse 


(: 0.99 
—_ T = «Ue 


0.01 


Po = 


t 
P,s T 


ive 
P; . (+) 0.00005 


from which we conclude that the great- 
est 
errors in the scaler derives from pulse 


loss arising from resolving time 


pairs rather than pulse triplets or quad- 
ruplets. Thus a rather slow scaler can 
be made a great deal faster by inter- 
posing a single fast flip-flop at its input. 

This brings us to the concept of regu- 
larization of random pulses by scaler 
action (2). The pulses out of a single 
binary flip-flop which is being driven 
by a random source are not only half as 
frequent but they have also been partly 
‘‘derandomized”’ or made more regular 
in their spacing, and Eq. 1 no longer 


applies. In fact the output of a scale 


of 1,000 that is being fed by a random 
source is so regular that the spacing 









SCALE-OF-TEN can be built out of four flip-flops by providing an 
inhibit gate (“Inh” in figure) that keeps FF2 from responding to the ninth pulse 


Connection ‘‘m”’ from first to fourth stage resets it on the 


between pulses varies by only a few per 
cent from pulse to pulse. For this rea- 
son the mechanical register that follows 
three electronic decades in a typical 
scaler can be made to run at virtually 
its maximum continuous rate without 
any losses, while the first decade, oper- 
ating at an average counting rate of 
only one-twentieth of the frequency at 
which it can count evenly-spaced pulses, 
is losing 5% of its pulses. 


Binary vs. Decade 


As long as counting rates were low, 
the simplest scaler consisted of a few 
binary flip-flops that slowed and regu- 
larized the counting so that a simple 
mechanical could be 
driven. The total count accumulated 
was determined by multiplying the 
register indication by the electronic 
scale factor and interpolating the num- 
ber of counts caught in the flip-flops by 
reading their states from neon lights. 
This latter task could be avoided by 


register easily 
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FIG. 5. DEKATRON 
built-in scale-of-ten. 
transfer of glow discharge from stage 
to stage is accomplished by pulsing 
first guides 1 then guides 2 negative 


TUBE has 


Clockwise 


making the scale factors small enough 
so that the few counts stored could be 
neglected. The desire for equipment 
to handle faster counting rates as a 
result of better detectors pushed the 
required scale factor higher and higher 


Opposition to binaries increased with 


the inconvenience of interpolating prog- 


Al- 
though there are a few pockets of re 


ressively longer binary numbers. 


sistance still holding out for binaries 


most scalers are now decade types 


Decade Scalers 


One of the first methods used to ob 


FIG. 6. VACUUM DECADE TUBE 
E1T is based on fact that beam “locks 
in” at any of ten positions by feedback 
to deflection plate D’. Stepping is 
accomplished by applying positive 
pulse to D 
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tain an electronic decade consisted of 
modifying the four cascaded FF scale- 
of-sixteen. A recent example (/) of 
this technique combines four of the 
transistor FF circuits of Fig. 3 as shown 
in Fig. 4. 

The relative complexity of the mod- 
ified binary circuit induced people to 
think about devices which would be 
basically decade in nature. Such a 
component should have ten consecutive 
stable “ 
means of shifting from one state to the 


states” or configurations and a 


next on receipt of an input pulse. One 
such example is the Dekatron, a ten- 
The 


discharge from the common disk-shaped 


cathode gas-discharge tube (3). 


anode can take place to only one cath- 
od 
by the 
the potential of the anode below the 


at a time since the current drawn 


“on” gap is sufficient to drop 


firing points of the other anode-cathode 
gaps. Transfer of the glow from cath- 
ode to cathode 
pulsing the two guide electrodes, 
the cathodes, 
tially negative as illustrated in Fig. 5. 
electric field that 


guides the discharge clockwise around 


is accomplished by 
inter- 
between 


posed 


sequen- 
This provides an 
the anode. Pulsing the guides in re- 
verse order forces the discharge to move 
round the anode in the opposite direc- 
tion 


over the “0” 


pulse is produced across the cathode 


Each time the discharge passes 
cathode, a positive output 
resistor. Transistor (4) as well as vac- 
uum-tube (3) and gas-tube drive cir- 
cuits have been used. 

Although the 


glow can be made to move quite fast 


leading edge of the 
the heavy gas ions in its tail are swept 
the 
available to drive the anode 
This 


the maximum speed for counting uni- 


out very slowly. Furthermore, 
current 
capacity is rather small. limits 
formly spaced pulses to about 50 ke. 
Although this rate is quite respectable, 
we recall that it does not apply to the 
random counts from radioactive mate- 
rial. Assuming a pulse-pair resolution 
of 20 usec (449 ke) and applying equa- 
find that the 


random count rate for no greater than 


tion 1, we maximum 
1% counting loss is 500 eps. 

The performance of a practical glow 
tube sealer (5) can be improved con- 
siderably by preceding it with a single 
flip-flop to remove closely-spaced pulse 
pairs. In this way counting rates of 
several thousand per second can be 
achieved at the 1% counting loss level. 

Vacuum-tube decade. Itis possible 
to build higher speed decade counters 


by using electron beams in a vacuum 
rather than gas tubes. Such a device 
is the E1T scale-of-ten, a specially de- 
signed vacuum tube incorporating an 
electron gun, deflection plates, and tar- 
get with ten apertures (6). 

In order to understand how this tube 
has stable states, consider the situation 
The 


edge of 


beam is 
the sixth 
Part of 
the beam is going through the aperture 


illustrated in Fig. 6. 
grazing the right 
aperture in the target plate 7’. 


and striking a fluorescent screen giving 
the count 
while the rest of the beam is being col- 


an external indication of 
lected by the target plate, causing a 
current to pass through resistor R,. If 
the beam begins to wander to the right 
so that more current flows to the target 
plate, the additional voltage drop in R, 
makes deflector D’ more negative, fore- 
ing the back towards the slot. 
Conversely, if the beam drifts to the 
left 
ing D’ more positive, pulling the beam 
This 


same reasoning applies to the beam in 


beam 
the current in A, diminishes, mak- 
back to the edge of the aperture. 
any slot, the mechanism being such as 
to ‘‘lock”’ the beam on the right edge of 
each aperture. 

Counting is accomplished by apply- 
ing last positive pulses of just the proper 
amplitude to the other deflector D to 
’ the beam one slot to the left. 
feed-back 


purposely slowed by capacitor C; so as 


jump 
The stabilizing from R;, is 
not to block these fast transitions from 
slot to slot. 

The 
jump out of the ninth slot onto reset 
plate P. By 
this current to the reset plate 


tenth count causes the beam to 


means of external cir- 
eultl 
beam off long enough for the 


and D’) to rise 


turns the 
target plate potential 
so that 
turned on again it is directed onto the 


sufficiently when the beam is 
target plate to the right at the zero slot. 
The full the 
plate discharges capacitor C;, 
D’ to shift the beam left where it locks 
onto the edge of aperture zero and is 
ready for the Although 
the pulse pair resolution of the E1T is 
better than the Dekatron, the 
resolution is the 


beam current to target 


causing 


next count. 
mu¢ h 
average limited by 
nine-zero (reset) transition. 
Trochotron. The 
other type of beam counting tube (7), 


trochotron, an- 
avoids the necessity for reset by making 
use of a magnetic field to obtain a circu- 
lar geometry similar to the Dekatron’s. 
This tube consists of an axial line cath- 
ode surrounded by ten spade electrodes, 
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each connected to a positive supply 
voltage via its load resistor as in Fig. 6. 
A magnetic field perpendicular to the 
plane of the figure is supplied by an ex- 
ternal permanent magnet. When the 
beam is first turned on electrons from 
the cathode, which would normally be 
accelerated to the spades, are deflected 
by the magnetic field into clockwise 
orbits about the cathode. The higher 
the supply voltage, the farther out these 
orbits extend, but as long as they are 
not allowed to reach the spades, no 
spade current is drawn. 

Now suppose that the spade just 
counter-clockwise from target 5 is made 
This in- 


creases the magnitude of the electric 


momentarily less positive. 


field in the region between the spades 
opposite target 5. Furthermore, the 
direction of the field shifts from being 
radial to include a clockwise 
tangential component. This new elec- 
tric field pulls the orbiting electrons 


purely 


into the spade just made momentarily 
less positive. Spade current then pro- 
duces a voltage drop in the spade resis- 
tor causing the active spade to be 
forced even more negative. This fur- 
ther increases the electric field causing 
the beam to move more clockwise until 
part of it is striking target 5. The cur- 
rent to target 5 decreases the current 
available to the active spade preventing 
it from going further negative. Thus 
the beam is ‘‘locked” in such a position 
that its current is shared between the 
active spade and target 4. 

Counting is accomplished by mo- 
mentarily pulsing the drive grids posi- 
tive This shifts the the 
clockwise spade, dropping its potential 


beam to 


and forcing the orbiting electrons to be 
deflected 


position 6. 


into a new stable beam in 
Trochotrons can be made 
to count at very high speeds with re- 
solving times less than 1 wsee and are 
widely used as the first decade in fast 


sealers (8). 


Indicators 


The need for fast sealers is rendering 


met hanical registers obsolete. For 


example, a 1 usec scaler operating at a 


5% counting loss requires the scaling 


factor provided by four electronic dec- 


ades to reduce the counting rate to a 
point at which it can be handled by a 
mechanical register. Under these con- 
ditions the register is often dispensed 
with and two or three more electronic 
decades added to make up the required 
total count capacity. 
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We are thus faced with the problem 
of conjuring up something electronic to 
replace the nice, unambiguous indica- 
tion of total count presented by a 
mechanical register. Solutions to this 
problem are provided for us in the case 
of the Dekatron and E1T which are 
both self-indicating. 

The voltage swings on the trocho- 
trons and vacuum-tube buggered bi- 
naries are large enough to allow the use 
of neon lamps or the newer glow 
number indicators such as the Nixie (7). 
These latter devices are multicathode 
gas tubes whose cathodes form the 
Arabic numerals. 


FIG. 7. TROCHOTRON uses a 
magnetic field to bend beam from 
cathode at center and lock in on 
appropriate target-spade combination. 
Counting is accomplished by pulsing 
drive grids positive, thus moving beam 
clockwise one step 


The indicating problem is more dif- 
ficult in the the transistor 
buggered binary. Special transistors 


case of 


voltage is 
Re- 


cently there have been some lower 


must be used if enough 


available to operate neon tubes. 


voltage indicating devices made avail- 
able for but 
expensive since ten of them are usually 


transistors, these are 
required for each decade. 

Printing scalers in which the count is 
a piece of paper are 
Tran- 
these 


printed out on 
becoming more popular (9, 10). 
work well in 
applications since indication other than 
the printed number is probably not 
required. The buggered 
binary system used in Figure 4 is 
convenient in this connection sine the 
flip-flop to the 
straight binary code. 


sistor decades 
particular 


states correspond 


Trends 


The lack of relatively widespread use 
of scalers faster than l-usec pulse-pair 
resolution over the last five years is 
due to system limitations imposed by 
the popular use of Nal scintillation 
detectors. this phosphor re- 
quires about 1 usec to emit all of its 
light, there is no need for faster scalers 
when using it. However, the recent 
increasing use of liquid and _ plastic 
scintillators will doubtless increase 
the demand for very fast scalers. 

The memory capacitors of the con- 
ventional flip-flops (Fig. 1, right) ulti- 
mately limit the transition speed. By 


Since 


making use of delay lines as memory 
elements, it has been possible to design 
scalers with better than 100 muysec 
pulse-pair resolution using standard 
tubes (11). Similarly fast circuits 
using surface barrier transistors have 
been constructed in which hole storage 
is used to advantage by providing 
memory of the direction of the transi- 
tion (12). 

Besides transistors, 
state device beginning to find some 


another solid- 


use in scalers is the magnetic core, and 

any review would not be complete 

without mentioning them (1/8). 
Furthermore, as the transistor manu- 


facturers begin to search for more 


exotic transistors, we might see the 
development of a solid state analog of 
the gas tube Dekatron and the vacuum- 
tube trochotron. Such devices might 
consist of a plurality of junctions 
located circularly around the edge of a 
common disc of base material, using 
diffusion coupling to transfer from 
junction to junction. 


* * * 


The author wishes to express his gratitude 
to Miss Mary Negeim for aid in preparing 
the manuscript. 
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An International Survey of Photomultipliers for 
Allen B. DuMont Laboratories, Inc. (U.S.) 


Tube number: 6362 6935 6291 6467 7065 6292? 6363° 
10 10 10 10 10 


Number of stages: 10 10 
12 12 12 14 14 


Number of pins: 9 
Dynode type: box box box box 
Dynode material: AgMgOCs | AgMgOCs SbCs AgMgOCs AgMgOCs SbCs AgMgOCs AgMgOCs 
SbCsO SbCsO SbCsO 


box box box box 


Cathode material: SbCsO SbCsO SbCs0 SbCsO SbCsO 
Cathode diameter 

(in.): é é lbs 
Window diameter 

(in.): 
Max, tube diameter 

(in.): 
Seated tube height 

(in.): 
Avg. cathode sensitiv- 

ity (ua/lumen): 5 5 5 60 
Cathode-to-dynode 

voltage (v): 210 210 210 
Dynode gain: 4.0 4.5 4 6.0 
Over-all voltage (v): 1,000 1,150 1,000 
Over-all sensitivity 

(amps /lumen): 0.15 7. f 13 : 15 
Dark current (ua): <10 <0.05 <0.05 
Max. linear output 

current (ma) 

—high gain: 

—high current: 


EMI Electronics, Ltd. (U.K.) 


Tube number: 9536B* 9536S 9578B 9578TA 9579B 9524B° 9524S 6097B° 
Number of stages: 10 10 10 10 10 11 11 11 
Number of pins: 14 14 14 14 14 14 14 15 


Dynode type: vane vane vane vane vane box box vane 
Dynode material: SbCs SbCs SbCs SbNa KCs SbCs SbCs SbCs SbCs 


60 


Cathode material: SbCsO SbCs SbCsO SbNaKCs SbCsO SbCsO SbCsO SbCsO 
Cathode diameter 
(in. or mm):* 
Window diameter 
(in. or mm):* 
Max. tube diameter 
(in. or mm):* 
Seated tube height 
(in. or mm):* 
Avg. cathode sensitiv- | 
ity (ua/lumen): | § 30 
Cathode-to-dynode 
voltage (v): 150 
Dynode gain: | 
Over-all voltage (v): | 
Over-all sensitivity | 


23 


112 


50 < 50 


150 150 150 150 


5 4 j : j 6.5 6 5 
1,400 1,600 . 1,100 1,200 1,400 


50 50 : 200 200 200 


(amps /lumen): 
0.008 0.001 . 0.01 0.002 0.03 


Dark current (ua): 
Max. linear output | 
current (ma) 
—high gain: 
—high current: 
Rise time—high- 
current (musec): 6 n.a. n.a. 
Time spread (musec): 14 n.a n.a. a. ~20 n.a. 14 


- 
‘ 





* Dimensions <10 are in.; >10, mm. ! Over-all length. * Also available with fuzed-quartz face plate as 9552B. 
? Also available with fuzed-quartz face plate as K1306. * Also available with fuzed-quartz face plate as 9526B; max. 
* Also available with fuzed-quartz face plate as K1758. tube dia. is 30.5 mm. 
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Scintillation Counting 


By JOHN SHARPE, EMI Electronics, Lid., Hayes, Middlesex, England 


K1384 

12 

25 

box 

AgMgOCs 
SbCsO 


6364 

10 

14 

box 

Ag MgOCs 
SbCsO 


6097E 
1] 
15 
vane 
SI ( 8 


SbCsO 


150 


2.0 


1.050 


200 


0.02 


7064 

10 

14 

box 
SbCs 
SbCsO 
11g 


60 


210 
6.0 
1,000 


45 
<0.05 


6097F 
1] 

15 
vane 
SbCs 
SbCsO 


,200 


50 


0.1 


n.a. 
n.a. 


K1390 
10 

14 

box 
SbCs 
SbCsO 


6.5 


1,150 


45 
<0.05 


6097G 
ll 

15 
vane 
SbCs 
SbCsO 


K1391 K1295 

10 12 

14 14 

box box 

SbCs AgMgOCs 
SbCsO SbCsO 


4346 116 


6.5 
1,150 


45 12 
<0.05 <0.05 


150 
4.5 
1,600 


200 
0.002 


n.a. 
n.a,. 


K1209 

12 

25 

box 
AgMgOCs 
SbCsO 


60 


300 
4.5 
1,250 


12 


<0.05 


9531B 
11 

15 
vane 
SbCs 
SbCsO 


n.a. 
n.a. 


K1213 
12 


25 


| box 


AgMgOCs 
SbCsO 


Ole 
he 


3342 


| 63¢ 


60 


210 
4.5 


| 1,250 


12 


<0.05 


9545B° 
11 

15 
vane 
SbCs 
SbCsO 


n.a. 
n.a. 


n.a. 
n.a. 


| K1328 


12 
25 
box 


AgMgOCs 


SbCsO 


n.a’ 
1,650 


32 
<0.5 


9558B 

11 

20 

vane 
SbNaKCs 
SbNaKCs 


44 

51 

51 
140 
100 
150 
4 
1,700 


200 
0.003 


n.a. 
pa. 


400 
n.a. 
1,650 


32 


<0.5 


951 4B° 
13 

15 
vane 
SbCs 


SbCsO 


16 


K1386 

12 

25 

box 
AgMgOCs 
SbCsO 


1914 


400 
n.a. 
1,650 


32 


<0.5 


a 
i. 





* Also available overcapped with diheptal base as 9584B. 
’ Also available overcapped with diheptal base as 9583B 


* Cathode connection through side. 
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* Also available with 


tube dia. is 51.5 mm. 
1° Also available with fuzed-quartz face plate as 51UVP. 


Table continued on next page > 


fuzed-quartz face plate as 6255B; 


max. 
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Tube number: 

Number of stages: 

Number of pins: 

Dynode type: 

Dynode material: 

Cathode material: 

Cathode diameter 
(mm): 

Window diometer 
(mm): 

Max. tube diameter 
(mm): 

Seated tube height 
(mm): 

Avg. cathode sensitiv- 
ity (ua /lumen): 
Cathode-to-dynode 

voltage (v): 
Dynode gain: 
Over-all voltage (v): 
Over-all sensitivity 

(amps/lumen): 
Dark current (ua): 
Max. linear output 

current (ma) 

—high gain: 

—high current: 
Rise time—high- | 

current (musec): 
Time spread (mysec): 





An International Survey of Photomultipliers for 


Fernseh, Gmbh. (Germany) 


FS9A 
9 
12 


linear 


SbCsO 


120 
60 
130 
6 
1,000 


120 
<0.1 





FS9F20 
9 
12 


linear 


SbCsO 


130 
3.5 
1,000 


n.a. 
n.a 


20th Century Electronics, Ltd. (U.K.) 


FS9F20S 
9 
12 


linear 


SbCsO 


36 

120 
105 
130 


3.5 
1,000 








150AVP 
10 

12 
linear 
AgMgOCs 
SbCs 
32 

40 

40 

110 

50 


> 180 
n.a. 
1,800 


300 


<0.05 


30 
100 


52AVP 

10 

13 

linear 
AgMgOCs 
SbCs 


20 


> 180 
n.a. 
1,800 


30 
<0.1 


Lab. of Electronics and Applied Physics (France) 


51AVP?!° 53AVP!! 
1] 11 

12 14 
linear linear 
AgMgOCs AgMgOCs 
SbCs SbCs 
32 44 

40 55 

40) 57 

110 128 

50 50 
>180 >180 
n.a. n.a. 
1,800 1,800 
500 500 
<0.025 <0.05 
30 30 

100 100 

} 4 

6 6 





14 

linear 
AgMgOCs 
SbCs 


111 


50 


>180 
n.a. 
2,000 


500 


<0.05 


30 
100 














! 

Tube number: VMP11/44/A VMP11/44/B'® VMP11/44/C VMP11/44/S VMP11/111 VMP11/170 VMP13/44 
Number of stages: 11 11 1] 11 11 11 13 
Number of pins: 15 15 15 15 15 15 15 
Dynode type: vane vane vane vane vane vane vane 
Dynode material: SbCs SbCs SbCs SbCs SbCs SbCs SbCs 
Cathode material: SbCsO SbCsO SbCsO SbCs SbCsO SbCsO SbCsO 
Cathode diameter 

(in. or mm):* 14 44 44 44 111 170 44 
Window diameter 

(in. or mm):* 1 51 51 51 127 190 51 
Max. tube diameter 

(in. or mm):* 51 51 51 51 127 190 51 
Seated tube height 

(in. or mm):* 111 111 111 111 150 195 121 
Avg. cathode sensitiv- 

ity (ua/lumen): 55 50 >20 30 40 40 55 
Cathode-to-dynode 

voltage (v): 150 150 150 150 150 
Dynode gain: 5 5 5 5 5 
Over-all voltage (y): 1,200 < 1,500 1,200 <1,600 <2,000 1,400 
Over-all sensitivity 

(amps /lumen): 200 20 200 200 200 2,000 
Dark current (ya): 0.03 <0.05 0.003 <0.1 <0.5 0.05 
Rise time—high- 

current (musec): 
Time spread (mysec): 

*Dimensions less than 10 are in.; greater than 10, mm. 13 Also available with fuzed-quartz face plate as 55U VP. 

1! Also available with fuzed-quartz face plate as 53U VP. 14 Also available with UV transmitting glass as BMUV10/14. 


12 Also available with fuzed-quartz face plate as 56UVP. 
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'S Also available with quartz window as BMQ11/23; max. tube 
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S8AVP 


| 


57AVP 56AVP!2 55AVP!3 
11 14 15 16 

» . 14 20 20 20 
linear linear linear linear 
AgMgOCs | AgMgOCs | AgMgOCs | AgMgOCs 
SbCs SbCs SbCs SbCs 
200 42 44 110 
230 55 55 
230 55 55 
300 170 152 
50 50 50 50 
> 250 >250 >180 500 
n.a n.a. n.a. n.a. 
n.a 3,500 2,000 n.a. 
300 > 5,000 >5,000 >5,000 
<1 <5 <5 <35 
30 100 30 100 
100 300 100 300 


2020!7 

10 

14 

cage 
AgMgOCs 
SbCsO 


11s 


to 


50 


208 
n.a. 
1,250 


6 
0.003 
2-518 


n.a. 


634 
10 
14 


2A 


cage 


Ag 


MgOCs 


SbCsO 


to 


14 


0.008 


3 
4 








FMK/5R/10 


Scintillation Counting (Continued) 
20th Century Electronics, Ltd. (U.K.) 


5 10 
15 13 
box 
SbCs SbCs 
SbCsO SbCsO 
14 
19 
19 
90 
50 55 
150 
6 
2,500 1,200 
0.3 150 
0.05 
5 
400 


6655A 
10 

14 
cage 
CsSb 
SbCsO 


1i'M4¢s 


to 


165 


n 


a. 


1,000 


50 
0.065 


o.5 


ao 


6903!" 
10 

14 
cage 
CsSb 
SbCsO 


60 


165 
n.a. 
1,000 


24 
0.022 


BMS10/14/B'* | BMS10/14/C 


7326 


10 | 11 
13 14 
box box 
SbCs | SbCs 
SbCsO | SbCsO 
14 | 23 
19 | 29 
19 | 29 

| 

90 (112 
>20 | 60 
150 150 
6 6 
<1,600 | 
15 
<0.1 


| 
6810A 


10 14 

14 20 
linear linear 
AgMgOCs | AgMgOCs 
SbNaKCs | SbCsO 
l'Me I'he 
o 9 

> a 23¢ 
52% 611i¢ 
150 70 

300 216 
n.a. n.a, 
1,800 2,000 
22.5 875 
0.009 0.39 
2.5 3 

3 3 


7264 
14 

20 
linear 


AgMgOCs 
SbCsO 


70 
216 


n.a. 
2,000 


875 


0.39 


| 


BMS11/23/A | BMS11/23/8"* 


| SbCs 
| SbCsO 


150 
1,000 


200 
0.05 





7265 

14 

20 

linear 
AgMgOCs 
SbNaKCs 


to 


200 
na. 
2,400 


1,400 


0.27 





BMS11/23/S 
11 

14 
box 
SbCs 
SbCs 
23 
29 
29 
112 
30 
150 
6 
1,100 


200 
0.005 


7046"! 

14 

21 

linear 
AgMgOCs 
SbCsO** 


60 
1,200 
n.a. 


2,800 


180 
0.34 


n.a, 





C7204 6199 
9 10 
11 12 
linear cage 
CsSb CsSb 
SbCsO SbCsO 
lé 114 
1%6 
32 1% 6 
40 45 
n.a 165 
n.a. n.a. 
1,000 1,000 
4 27 
0.004 0.019 
n.a n.a 
n.a 6 
dia 
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is 31 mm; window dia. is 31 mm; ‘cathode dia. is 23 mm 
Also available with quartz window as VMQ11/44. 
Low-resistance cathode. 


18 At 1,500 v. 
20 Curved. 


2! Cathode connection through side. 


1* Fuzed-silica face plate. 


22 UV transmitting glass 
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G-M TUBE DEVELOPMENT, particularly 
with the advent of the rare-gas—halogen 
filling, has led to better counting char- 
acteristics and flexible 
permitting greater adaptability to 
diverse applications. 

The halogen admixture does not 
deteriorate organic 
quenching agents. 
halogen counters provide comparable 
deadtimes and delay times and greater 


more design 


with use as do 
At the same time, 


freedom in choice of geometry. 
Specialized counters have been de- 
veloped for a number of applications. 
Figure 1 pictures 
Current G-M tube technology is dis- 
cussed in this article by first outlining 


various designs. 


present ideas of the mechanisms of 
Geiger discharges and then describing 
the newer designs. 

G-M counters can be 
self-quenched and _ non-self-quenched 
Representative of the first 


classified as 


counters. 
group is the argon-alcohol counter. 
With this type of counter, the initial 
discharge is quenched by the action of 
the positive space charge, while spuri- 
ous afterpulses are prevented by the 
action of the quenching agent. In 
non-self-quenched counters, the same 
quenching mechanisms may be present, 
but they are not sufficient to provide 
effective quenching (1). A large series 
resistor or an_ external 
circuit is then required to keep the 
counter voltage low for an interval 
after the discharge has started. The 
argon-hydrogen counters belong to this 
group (1). 

Counters filled with a mixture of rare 
Cl, and Bro, 
their 


over- 


quenching 


gases and halogens, e.g., 


are self-quenched only near 
starting voltage. At 
voltages, the halogen counter no longer 


operates as a self-quenched counter. 


86 


higher 


Compared with the older types of gas 
counters (1), halogen counters require 
relatively small resistance values for 
adequate quenching, i.e., 1-10 Meg. 
As a consequence, the deadtime of 
halogen counters is of the same order 
of magnitude as that of 
quenched counters. 

The behavior of these counters is 


organic- 


strongly influenced by the electron 


Diversity of design provides G-M tubes for many uses: hollow anodes 
for 4x and liquid-flow counting, compact coincidence units and 


integrator tubes for inexpensive, reliable monitors and alarm devices 


—G-M COUNTERS 


By K. VAN DUUREN, A. J. M. JASPERS and J. HERMSEN 


Philips’ Research Laboratory, Amsterdam, The Netherlands 


affinity of the halogens, which may 
have a detrimental influence on the 
The effect of attachment 
at low overvoltages. 
Therefore, it is generally desirable to 
counter at high 
non-self- 


efficiency. 
is most serious 
operate a halogen 
overvoltage, i.e., in the 
quenching region. 

Delay times are generally rather 
long for halogen admixtures (2, 3); 





Where G-M Counters Are Used 


Four types of radiation detectors are in current use: ion chambers and pro- 


portional, G-M and scintillation counters. 


The applicability of each is 


determined by its efficiency, counting life, reproducibility, associated cir- 


cuitry, ruggedness, size, weight and cost 


In contrast to the proportional and scintillation counters, the G-M counter 


is a nondiscriminating device 
type and energy. 


Thus, interpretation of results is straightforward. 


the plateau curve is independent of radiation 


This 


is advantageous since, for the majority of applications, a discriminating 


device is not needed because only one radioisotope is used. 


Furthermore, 


with radioisotopes and detection coming increasingly into the hands of non- 


physicists, there is an increasing demand for simple, reliable instruments 


conditions well satisfied by halogen G-M counters, particularly in combina- 


tion with transistor circuits. 


\ number of applications where G-M counters are advantageous are: 


Beta measurement of solid samples. 
flow proportional counter, but without the awkward filling system. 


Efficiency is comparable with gas- 
Dimen- 


sions are small compared with a scintillation counter, keeping lead-shield 


weight low. 


Background counting rate is low due to low gamma sensitivity. 


Although deadtime is large, a high counting rate is not needed for sufficient 


accuracy. 
Low-level detector. 


Small size and low gamma sensitivity make it ideal 


Very compact anticoincidence arrangements are possible. 


Portable dose-rate meters. 


ance-level measurements or a factor of ten lower. 
of response can be achieved by appropriate shielding and filtering. 


Gamma efficiency is large enough for toler- 


Satisfactory uniformity 
Advan- 


tages are small size, ruggedness and simplicity 


Thickness gages. 


Counters can be designed with 


a 10-ysec deadtime. 


One or more counters in parallel make possible a short time constant with 


adequate accuracy. 
required for an ion chamber 
43 gamma counting. 


ciency, sources down to 0.001 uve can be counted. 


Source strength can generally be smaller than that 


Although scintillation counters have better effi- 


Precision is good enough 


to permit use as a secondary standard for source calibration. 
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© All-glass liquid counter 
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FIG. 1. G-M COUNTER DE- 
SIGNS for various applications. 
(A) Philips end-window 8-counter 
18505. (B) Double counter for 
end-effect study ; counter B kept at 
constant voltage. (C) Anton 1007 
pancake 8-counter. (D) Prototype 
of Philips 18515 spherical-anode 
B-counter; metallic layer covers 
inside of 1.5-2 mg/cm? mica win- 
dow. (E) Mullard MX 113 end- 
window §-counter. (F) Philips 
18505 end-window B counter. (G) 


Hollow-anode liquid §-counter. 
(H) 4* gamma liquid counter. 
(1) Anticoincidence arrangement 


of low-background 8-counter with 
guard counter. (J) and (K) All- 
glass liquid counters 





however, for neon-argon-halogen mix- 
tures, these times are of the order of a 
factor of 10 smaller than for argon- 
halogen mixtures. Under favorable 
conditions, the delay time for halogen 
counters becomes comparable with or 
even better than for organic-quenched 
counters. 

Halogen counters can be made with 
counting properties that are superior 
to organic G-M counters. An 
portant advantage of the halogen 
counter is that the quenching agent is 
not deteriorated by the discharge. 
Moreover, the greater 
choice for the geometry is an important 


im- 


freedom of 


advantage of the neon-argon-halogen 
filling over the conventional organic- 
quench filling (4). 

A difficulty is that the materials have 
to be chemically inert, especially for 
the bombardment the 
discharge. This is particularly true 
where very low halogen pressures are 


ionic during 


required to obtain a sensitivity close 
to unity for beta particles and mesons. 


Discharge Mechanism 

The Geiger discharge is not confined 
to the region of the gas volume where 
the primary avalanches are formed. 
Photons created in these avalanches 


photoionization at some 


can cause 
distance from their point of 


and thus spread the discharge. 


origin 


The propagation of the discharge 
along the counter length in halogen 
counters is like that in organic- 
quenched counters (5, 6). The energy 
of the avalanche 
enough to produce many metastable 
The 
main absorption of the uv photons is 
probably due to the noble-gas atoms 
(7). 


and re-emitted several times by the 


electrons is high 


atoms and resonance photons. 


These photons can be absorbed 


rare-gas atoms before they are finally 
absorbed by a halogen molecule, caus- 
ing photoionization. The photoelec- 
tron can start a secondary avalanche, 
and in this way the discharge spreads 
along the wire. 

For halogen pressures as high as a 
few mm 
higher than 200 mm Hg, the discharge 
starts over a limited region along the 
The discharge 


Hg and rare-gas pressures 
£ ] 


wire. spreads in both 


directions along the wire, while it 
extinguishes at the 
started. In this way, 


regions move along the wire, leaving a 


spot w here it 


two “burning” 


dense ion sheath on the surface of the 
anode at those parts where the dis- 


charge has gone out. The shape of 
this strongly differentiated electrical 
pulse is influenced by the place of 
irradiation of the counter (6). With 
this characteristic 
a low halogen pressure 


halogen counters, 
disappears at 
8), which means that the discharge 
has spread over the whole length of the 
counter before being extinguished at 
the point where it started. 

This picture of halogen-counter dis- 
charge is true only just above thresh- 
old. At higher overvoltages, another 
mechanism sets in. Ata given voltage 
V, (the transition voltage), all pulses 
appear to be double when they are 
strongly differentiated. The overvolt- 
age (V; — V,), where V, is the starting 
voltage, at which this occurs is strongly 
dependent on the cathode diameter 
and the halogen pressure and varies 
between a few volts and more than 
100 volts. Van Zoonen (9) 
that the second part of the pulse is 
due to a second phase of the discharge 


showed 


taking place between the positive-ion 
the the 
second pulse is not to be confused with 
the well known afterpulses that can 
This mech- 


space charge and cathode 


occur after the deadtime. 
anism of double pulses has almost no 
influence on the plateau characteristics 
because the separation of the pulses is 
only of the order of a microsecond at 
the transition voltage and decreases 
overvoltage. At 
the 


rapidly at higher 
100 
pulses become one, 
Below the transition 
discharge is quenched by 
charge the 
voltage, the quenching is mainly due 


about volts above V,, two 


the 


space 


voltage, 
the 
alone; above transition 


to the external circuit. 


Starting Voltage 


The combination of a neon or neon- 


mixture and a small 


admixture of halogen makes it possible 


argon very 
starting 
(10). 

are 


counters with 
voltages as 250 
These operating 
advantageous for portable instruments. 
Penning (11) showed that breakdown 
voltage is lowered when the ioniza- 
tion potential of the admixture is lower 
than the lowest level of 
the rare-gas component of the mixture. 

A similar lowering of the starting 


to construct 
low as volts 


low voltages 


metastable 


voltage, though not as large as for the 
neon mixtures, was found for argon- 
bromine and krypton-iodine mixtures 
(12). The effect only occurs at halo- 
gen pressures lower than about 0.1 mm 


Hg; at higher halogen pressures, the 
starting voltage increases again due to 
the lowering of the electron energy as 
a consequence of inelastic impacts with 
halogen molecules and the loss of 
electrons by attachment. 

Starting voltage for thick-anode 
counters. The ionization coefficient, 
a, for neon-argon-halogen mixtures is 
not appreciably influenced by the 
halogen for partial halogen pressures 
up to 1% if the halogen pressure is 
lower than the argon pressure (18). 
From the published values of @ for 
(14), 
especially for 
the 
volume is no longer confined to the 


neon-argon mixtures one can 
that, 


argon-halogen 


deduce neon- 


mixtures, active 
immediate neighborhood of the anode. 
This means that the assumptions used 
by Trost (15) and Werner (16) for the 
the formulas for the 
starting voltage are no longer valid 


derivation of 


in this case, especially for large-anode 
diameters. 

For the latter case, a simple relation 
between the starting voltage and the 
counter parameters can be derived: 


A = exp apd I; (a/p)(E/p)-? 
b® 


d(E/p) =1/y (2) 


where 
a = anode radius; b = cathode radius; 
p = pressure in mm Hg; EF = electrical 
field strength in volt/em; a = ioniza- 
tion coefficient; @¢ = (E/p) max = (b/a) 
(E DP) mia for V = V,. Equation 2 
gives, for a given value of b, the rela- 


A = gas amplification factor; 


tion between a and E/p at the anode 
surface at the Geiger threshold. 
For the neon/argon mixture 14974, 
the 
Moreover, we 


we make approximation a@ = 
const. X £. 
y to be independent of E p. 
these conditions, Eq. 2 can be simpli- 
fied and one can deduce that @ shows 
(b/a) = 1. In 


assume 
Under 


an extremum for log 
effect, this extremum appears to be a 
minimum. 
with the results of experiments that 
are shown in Fig. 2. At four different 
found at 


This agrees reasonably well 


values of 6, a minimum is 


about a b/e. The minimum values 
of (EF 


9.4 volts/cem/mm Hg. 


Y)max Were all between 4.9 and 


Charge per Pulse 


The behavior of the charge per pulse 
as a function of the counter voltage V 
and the impedance connected to the 


anode is shown for a Philips 18506 
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counter (see Fig. 1A) in Figs. 3 and 4.* 
The effects summarized as 
follows: 

1. In the lowest voltage region, the 
amount of charge is completely inde- 


can be 


pendent of the anode impedance, but 
increases linearly with the overvolt- 
age (V — V,). This is the same be- 
havior found for organic self-quenched 
counters. 

2. At a rather well defined voltage 
(approximately the transition voltage 
V,), the curves start to diverge. 

3. Above Vz, 
non-s¢ lf-quenching. 

4. Curves of charge Q for a shunting 
capacitance (C,,) equal to 10 uuf show 


the counter becomes 


a phenomenon that is very typical of 
halogen rather sharp 
bend of the graph occurs at V;. Here 
the counter voltage drops rather far 
below J Above V,, Q 


counters. <A 


increases 


ome of the measurements of this 

to counters manufactured in 

boratory; they might differ slightly 
commercially produced 


e reter 





10 15 
onode radius) (cm-') 


FIG.2. FIELDSTRENGTH at anode 
surface at starting voltage as function 
of 1/(anode radius) for various values 
of cathode radius (r.). Partial pres- 
mm Hg) of gas filling are Ne, 
100; A, 0.1; Br-, 0.065 


sures 





500 


Counter Voltage ,V, (volts) 


FIG. 3. CHARGE PER PULSE as 
function of counter voltage for various 
values of shunt capacitance (C,,) 


Vol. 17, No. 6 - June, 1959 


FIG. 4. CHARGE PER PULSE as 
function of counter voltage for various 
values of series resistance (R) 


V,, the rest 
more 


— V,); 
100 
these 


linearly with (V 
voltage, may be 
Under 


volts or 
below V,. conditions, 
the discharge assumes the character- 
discharge. At. still 


a streamer-like 


istic of a glow 
higher values of Cy, 
mechanism sets in, which can be 
easily verified by visual observation 
of the discharge in a darkened room. 

5. The curves for different 
resistors that the amount of 
electrical charge transferred per pulse 
is little affected by the value of the 
series resistor. 

Van Zoonen that V, — V, 
depends greatly on the nature and the 
amount of the 
The anode diameter is important, too. 
In the case of the Philips 18506, V, 


is shifted below the straight section of 


series 


show 


found 


halogen component. 


the plateau curve with a thick anode 
(8-mm diameter), while, with a 1-mm- 
diameter anode, V, should fall about 
in the middle of the plateau. 


Deadtime 


Although the halogen counter be- 
like a counter 
the discharge mechanism 


haves self-quenched 
below Vz, 
differs considerably as far as the dead- 
time (interval after 
signal during which system is unable 


response to one 
to respond to another) is concerned. 
Figures 5 and 6 show that the dead- 
counters increases 


time for halogen 


monotonically below V,. However, 
for organic counters, deadtime, which 
is determined by the movement of a 
thin uniform space-charge sheath, is at 
& maximum at V, and decreases for 
higher voltages (17). 

Above V,. the 


operates as a non-self-quenched coun- 


halogen counter 


ter. Figures 5 and 6 show that in this 


region, in most cases, the deadtime 


decreases at higher overvoltage. This 
decrease in deadtime can be explained 
as follows: If no space charge were 
present, the counter voltage should 
recover as 


(Ve — Ve Re 


where V, = working voltage; V, = 
counter voltage at the moment the 
pulse reaches its maximum amplitude; 
R = series resistance; C = total ca- 
pacitance of the anode and attached 
circuitry. In this case, the deadtime 
should be given by tg = RC log (Vy — 
V+)/(Vw — V,). 

From the foregoing, it follows that 
whether the deadtime is determined by 
the movement of the space-charge 
sheath or whether it is determined by 
the external impedance connected to 
the counter anode, it should always be 
a monotonically decreasing function of 
the overvoltage. From Figs. 5 and 6, 
this is not the case with counter 18506. 
The could be 
partly explained by the variation of V, 
with the overvoltage. Van Zoonen 
has found that in certain cases V, de- 
This 
mechanism, however, can not explain 
the behavior of the deadtime in the 
Another mecha- 
nism must be responsible for the be- 
havior in this region, and this may be 
the nonuniform distribution of the 
positive-ion space-charge sheath along 
the counter length, i.e., enhancement 
of the sheath length with increasing 
In this case the complete 


increase in deadtime 


creases at higher overvoltages. 


region just above V,. 


overvoltage. 
picture of the variation of the electrical 
field during the transit time of the 
positive-ion sheath is so complex that 
an exact calculation seems to be un- 
attainable. 
the curves, however, one can deduce 
effects 
under 


From the general trend of 
in a qualitative way which 


are dominant in the region 
consideration. 


From the experimental results, a 


FIG. 5. DEADTIME as function of 
counter voltage (V,) for various 
values of series resistance (R 
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Counter Voltage, V, 


FIG. 6. DEADTIME as function of 
counter voltage (V,) for various 
values of shunt capacitance (C,,) 


few conclusions of practical use may 
be drawn: 

1. Low deadtimes are achievable at 
high overvoltages. 

2. The parasitic capacitance of the 
wiring greatly influences the deadtime. 
It is therefore advisable to connect the 
series resistor directly to the anode 
connector. 

3. At high counting rates, the aver- 
age counter voltage decreases due to 
the voltage drop over the series resistor. 
The deadtime, therefore, first in- 
creases when the 
decreases 


counting rate in- 


creases, when the average 
voltage passes the maximum of the 
ta-vs-V curve and, when the average 
voltage is about equal to V,, becomes 
very small. It is clear that at high 
counting rates the pulse size decreases 
too. Thus, to have the full benefit 
of the small deadtime at high counting 
rates, it is 
input sensitivity of the scaler suf- 
ficiently high, i.e., 0.1 volt or better. 


necessary to choose the 


Counting Efficiency 

The strong electron affinity of the 
halogens can greatly influence the 
detection efficiency of halogen counters. 
Electrons that are captured by halogen 
molecules are lost to the gas multipli- 
cation process because detachment is 
impossible. Franklin and Loosemore 
(18) compared the efficiency of halogen 
counters (2a = 0.1 mm; 26 = 25 mm; 
neon pressure = 200 mm Hg; argon 
pressure = 0.2 mm Hg) with that of 
an organic-quenched counter and found 
counting losses linearly increasing with 
the bromine pressure, resulting in a 
loss amounting to 27% at a bromine 
pressure of 2 mm Hg. 
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Shinohara and Akutsu (19), measur- 
ing a P*? source with an end-window 
beta counter, found efficiencies of 62% 
for 300-mm-Hg argon and 0.4-mm-Hg 
Br. and 22% for 435-mm-Hg argon 
and 5.5-mm-Hg Bre. These values 
show how halogen pressure lowers 
detection efficiency. The loss of ef- 
ficiency is more unfavorable for argon- 
bromine gas fillings than for neon- 
argon-bromine mixtures (19). 

The probability that an electron 
drifting over the distance dr is captured 


h SOP) ar 
Ao pu 


where A = fraction of the 
with bromine molecules that results in 


is given by 


collisions 


capture; c,; = mean electron velocity; 
\ = mean electron free path; o; = 
collision cross section of halogen 
molecule; o = collision cross section of 
rare-gas atom;v = electron drift veloc- 
ity; pi = halogen pressure; p = rare- 
gas pressure. 

Although the various quantities are 
not known individually, Shinohara’s 
and Akutsu’s experiments (19) demon- 
strate that for the 
mixture the formula can be simplified 


to 


argon-bromine 


[10.6p:/(E/p)] dr (p: in mm) 
Though these calculations can not’ be 
very accurate, the order of magnitude 
of the effect is right. This shows how 
serious the influence of attachment is 
at halogen pressures of lmm Hg. Only 
a very small fraction of the electrons 
that are formed near the cathode will 
reach the active volume. 

From this it follows that E/p should 
be as high as possible at the cathode 


surface to reduce the counting loss 
attachment. Since the 
cathode diameter is determined by the 
diameter, the anode radius 
is the only remaining parameter of the 
geometry. A thick anode of 8 mm, 
such as that in the Philips 18506, 
increases E/pown by a factor of 5.5 


caused by 


window 


compared with a 0.1-mm anode at the 
same operating voltage. 

A second important advantage of the 
combined use of a large anode diameter 
and the low-voltage neon-argon-halo- 
gen filling is that the field strength is 
sufficiently high throughout the coun- 
ter volume to cause ionization at every 
point along the electron path. Under 
the operating conditions of the 18506 
tube, the maximum mean free path for 
ionization is of the order of Imm, which 
is considerably less than the cathode 
radius. Under such conditions, the 
electron takes part in the multiplica- 
tion process without crossing a passive 
volume, thus considerably decreasing 
the probability of attachment. 

Experimental evidence on the effect 
of the various factors influencing the 
efficiency is given in the later section 
on flat-window beta counters. 


Delay Time 


Delay times (time from passage 
of ionizing particle until pulse reaches 
a given value) of the order of 6 usec 
found for counters 
by Loosemore and Sharpe (2). Van 
Zoonen (8) showed that delay times 
between a fraction of a microsecond 
and 100 usec cannot be explained by 
negative-ion formation but are due to 
a slow multiplication His 
results can be summarized as follows: 

1. Delay time is inversely propor- 
tional to overvoltage. 


were halogen 


process. 





TABLE 1—€ffect of Beta-Counter Design 


Counter 


number Description 


Cathode shell, gas filling identical to Philips 


Window Counter ‘ounting 


diameter voltage rate 
(mm) (volts) 


19.8 650 


18505; anode diameter 1 mm (see Fig. 1F) 


Like counter I except 5-mm anode diameter 19 


Philips 18515 (Fig. 1D) 


650 
19.8 650 


Cathode, anode, gas filling same as Philips 27.8 650 


18506; mica window externally coated with 


aquadag (see Fig. 1A) 


Like counter IV, but window uncoated 27.8 


Anton 1007 (Fig. 1C) 
Mullard MX 123 (Fig. 1E) 


650 
S00 61 


650 52 


28.6 
24.1 
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FIG.7. DELAYED-COINCIDENCE 
COUNTING-RATE CURVE for 
Philips tube 18516 for various counter 
voltages. Data obtained with 1-meter 
clipping cable; 1 meter = 3.75 x 107% 
psec (# = average delay; Ar = delay 
spread 


2. Neon-filled counters are much 
faster than argon-filled counters. 

3. Thick anodes give shorter delays 
than thin anodes. 

4. Delay 
halogen pressures. 

These 
factorily explained by the time delay 
of the with 
to the primary avalanches. 


time decreases at higher 


phenomena can be satis- 


secondary avalanches 
respect 
The secondary avalanches are initiated 
by absorption of resonance photons, 
clear that 
pressure will accelerate this process. 


and it is a high halogen 
For conventional counters with thin 
of the 
delay is caused by the passage of the 


anodes, a considerable part 


electron through a passive volume 


before multiplication can take place. 
A thick-anode geometry is favorable 
delays for two 


for obtaining short 


reasons: (1) primary electrons start 
multiplication immediately after for- 
mation, i.e., there is no delay due to 
transit of a passive volume, (2) elec- 
tron movement contributes appreciably 
to pulse formation. 

In Fig. 7, a curve is shown of a few 
delayed coincidence measurements that 
were made with a combination of a 
5-mm-diameter cylindrical counter and 
a Philips 18516 (a thin-window halogen 
counter similar to Fig. 1D, but having 
A nar- 


row beam of betas was directed so that 


an 8-mg/cem? Cr-Fe window). 


it first traversed the small counter be- 
fore hitting the 18516. Pulse shaping 
was done by delay-line clipping. A 
Milton circuit used 
with an input sensitivity of ~1 volt. 
The delay of the small counter was 
negligible compared with that of the 
18516. Comparison of these results 
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coincidence was 


with those of Picard and Rogozinski 
(20) for an argon-alcohol counter shows 
that, for spherical-anode halogen count- 
ers, the delay time and its spread are of 
the same order as for argon-alcohol 
counters, but at considerably lower 
counter voltages. 


Plateau Slope, Length 


Plateau characteristics of the 18506 
counter are shown in Figs. 8 and 9. 

Increasing shunt capacitance in- 
creases the plateau slope and shortens 
its length. The first effect can be 
partly explained by the variation of 
the deadtime along the plateau, which 
is shown in Figs. 5 and 6. Of course, 
the magnitude of this effect strongly 
depends on the counting rate. The 
effect must be attributed to 
spurious counts, the probability of 
which increases when the amount of 


second 


charge per impulse increases. 

The most obvious cause of spurious 
counts is the secondary emission of 
electrons at the cathode surface by 
impact of positive ions. The work 
function, @, of the cathode as: well 
as the ionization potentials, E;, of the 
halogen admixture determine the prob- 
An excellent 
way to create a high work function is to 
the (21), 
which also makes the cathode surface 
chemically (22). 
Fortunately, halogen gas itself further 
the work function (23). 
Intercomparison of the values for 
ionization potential energies for the 
halogen as found by Kuiper and 
Van Zoonen and the work function for 
various metallic oxides shows that for 


ability of this process. 


oxidize cathode surface 


inert to halogens 


increases 
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FIG. 8. PLATEAU CHARACTER- 
ISTICS for Philips tube 18506 for 
various values of shunt capacitance 
(C.,); series resistance was 10 meg- 
ohm in all cases 


iodine (£; — 2) is negative and for 
bromine it is negative or slightly 
positive. When (EH; — 2¢) is nega- 
tive, secondary emission by positive- 
ion impact is out of the question as far 
as the halogen ions are concerned and 
can only occur with the noble-gas 
ions, which have much higher ioniza- 
tion potentials. 


8 
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te} 








os 
i=] 


1,000 
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FIG. 9. PLATEAU CHARACTER- 
ISTICS for Philips tube 18506 for 
various values of series resistance (R) 


FIG. 10. PLATEAU CHARACTER- 
ISTICS with source positioned near 
counter (A and B) and at longer dis- 
tance from counter (C); plateau slope 
is indicated along curves 


It was pointed out earlier that, above 
the transition voltage, a very large 
fraction of the total charge forms at 
the outer part of the counter volume 
in the case of a high shunt capacitance. 
This may go so far, because of the 
short path length of the positive ions, 
that the transfer of charge from the 
neon ions to the halogen molecules 
is not complete, and some of the neon 
ions can then release secondary elec- 
trons from the thus 
cause an afterpulse. This explains the 
plateau shortening with larger shunt 
capacitance. 

As shown in Fig. 9, a decrease in the 


cathode and 


series resistance shortens the plateau. 
Figures 3 and 4 show that the charge 
per pulse is only slightly dependent 
on the value of this resistor. Very 
likely, in this case, the metastable 
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atoms or molecules are the cause of the 
afterpulses. With 
values, the deadtimes 
short, perhaps only a few times the 
average lifetime of the 
The shorter the deadtime, the greater 
the probability that a few metastables 
will survive the deadtime 

To obtain a long plateau and a small 
plateau slope for a given counter, the 
parasitic the wiring 
connected to the anode has to be kept 
low. This can be best achieved by 
placing the series resistance right on 
top of the anode. 
minimum value of the series resistor 
of 10 megohms is a good compromise 
between deadtime length and plateau 
characteristics. In special cases where 
a short deadtime is more important 
than a very flat plateau, a lower value 
for R has to be chosen. How far R 
can be lowered largely depends on the 


smaller resistance 


become very 


metastables 


capacitance of 


For general use, a 


counter geometry and the gas filling. 


End Effects 


When a counter similar to that of 
Fig. 10 is irradiated at its extreme ends 
by a point source, the plateau is 
always much steeper than when the 
source is positioned at the middle of 
the cathode shell (point A of Fig. 10). 
This phenomenon remains even when 
afterpulses are eliminated by means of 
the circuitry. Thus one is obliged to 
that the the 
extreme ends of the counter is lower 
than in the middle. 

One explanation could be that part 


assume efficiency at 


of the electrons crossing the counter 
gas volume are not counted because 
all primary electrons formed by these 
electrons are captured. However, the 
situation 
cated, and this is demonstrated by the 


is somewhat more compli- 
following experiment: 

In the double-counter arrangement 
of Fig. 1B, counter B is kept well above 
400 


located 


its starting voltage, i.e. volts. 
A radioactive source is 


counter A in such a way that no direct 


near 
radiation can hit counter B. Then, as 
the voltage of counter A is raised from 
zero, counter B starts to count when 
counter A is still 50 volts 
Geiger threshold. 
that, even in the proportional region 
of counter A, photons are 
produced to initiate a Geiger discharge 
in counter B. This situation is com- 
parable with that encountered with the 
first counter. When the Geiger thresh- 
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FIG. 11. PLATEAU CHARACTER- 
ISTICS for tube of improved design 
(compare with Fig. 10). Position D 
corresponds to uniform irradiation 
with parallel beam 


old is surpassed in the middle of the 
counter, the extremities are still in 
the proportional region. The higher 
the counter voltage is, the greater the 
probability becomes that the propor- 
tional discharges at the extremities 
will initiate a Geiger discharge in the 
middle of the Thus, 
can conclude that an incoming particle 


counter. one 
may not be counted, either because all 
primary electrons become attached to 
halogen molecules or because none of 
the active photons that are created in 
the primary avalanches reaches the 
central region of the counter to cause 
secondary avalanches. 

The main reason that the end effect 
is more serious with halogen counters 
than with organic counters is that the 
range of the active photons is longer 
in the The 
advantage of this effect is 


primary dis- 
that the 
plateau slope becomes unnecessarily 
However, after the end-effect 


former. 


large. 
cor- 
The 
insulating glass at the extremities was 
charged to flat plates perpendicular 
to the axis. Plateau curves for the 
modified counter (Fig. 11) show the 
improved performance. 


Flat-Window 8-Counters 


The end-window counter is widely 
Most of the 
formed 


mechanism was understood, its 


rection became a simple matter. 


used for beta counting. 
ion tracks, in this 
immediately behind the window, which 
is usually an insulating material, e.g., 


case, are 


mica, 

The electrical field at the window end 
of the counter is distorted because of 
the decrease in the field caused by the 
electrode termination and because of 
the accumulation of electrical charges 
on the inside surface of the window. 
This distortion, occurring in that part 


of the counter where most of the ioniza- 
tion takes place, is highly undesirable 
because voltage fluctuations, change 
of counting rate and hysteresis effects 
can lead to fluctuations of the counting 
efficiency and plateau characteristics. 

This difficulty has been solved by 
Anton (23) with the pancake G-M 
tube 1007 (Fig. 1C). The accumula- 
tion of surface charges is prevented by 
metallizing the inside of the mica 
window. 

However, the elimination of the 
accumulated charges is only a partial 
For halogen 
second requirement is that the elec- 
trical field strength at the cathode be 
the 
path length for ionization is consider- 


solution. counters, a 


high enough so that mean free 
ably shorter than the mean free path 
attachment. Multipli- 


cation by electron impact then occurs 


for electron 


before attachment can take place. 

Figure 1D shows a tube construction 
satisfying both conditions. Its fea- 
tures are 

1. The anode is spherical or hemis- 
pherical with a diameter of about 44 
of the cathode diameter. 

2. The 


mica, is made conducting on the inside 


window, stainless steel or 
by covering it with tin oxide or metal 
film. 

3. The cathode length is consider- 
ably reduced. 

The last feature makes this type of 
low-background 


counter suitable for 





TABLE 2—Background Data with 
Hollow Guard Counter* 


Background cpm 


With Without 
guara guard 
counter 


Win- 


dow 


counter 


in anti- in anti- 


Shielding diam. coinci-  coinci- 


material (cm) dence dence 


10 cm iron 98 .45 67 
10 cm iron 

2 OS : 3.92 
5 cm lead 

3.5 cm mercury , 


20 em iron 


2.5m “old” lead ,, 
= ‘ 


20 cm iron 


* Inner part of shielding is indicated first. 
The cosmic-ray contribution to background 
found by subtracting the third 
column from the last. 


can be 
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work because the cosmic-ray counting 
rate, as well as the counting rate due 
to stray gamma radiation, is lowered 
by the decrease in length. 

To obtain an idea of the order of 
magnitude of these effects on counting 
series of measurements 
were done for various counters. A 
P%2 source, in a 20-mm-diameter 
planchet, was placed at an identical 
distance from the counter windows. 
The counting rates thus obtained are 
given in Table 1. All measurements 
were made with a 10-megohm series 
resistor to prevent afterpulses. Com- 
parison of the counting rates of coun- 
ters I-III shows the improved sensi- 
tivity obtained by increasing the anode 
diameter and metallizing the inside 
of the window. The data for counters 
IV and V show that even an external 
conductive coating of the window aids 
in preventing accumulated charges on 
the window. For comparison, count- 
ing rates for the Anton 1007 and the 
Mullard MX 123 are given. The 
influence of high halogen content is 


efficiency, a 


also evident. 


Special Liquid Counters 

diameter offers 
another advantage. The anode 
be hollow and the radioactive source 
can then be placed within it, essentially 
providing a 4% counter. A thin-wall 
beta counter large gamma 
counter have been constructed in this 


Increased anode 


can 


and a 


way (4). : 

The thin-wall beta counter (Fig. 1G) 
is meant for measuring the activity of 
a flowing liquid, e.g., that of an ion- 
column. The liquid flows 
through a thin glass tube having a 
30-mg/cm? wall. The sensitive vol- 
ume amounts to 0.4 cm’. In addition 
to the spiral anode, other possible con- 
structions are three or four parallel 
stretched wires or a coarse grid. In 
all these constructions, the field distri- 
bution around the anode is somewhat 
unfavorable. For this the 
plateau slope is 5% per 100 volts (for 
a 10-megohm series resistance), which 
is less favorable than that obtainable 


exchange 


reason, 


with a cylindrical anode. 

Another type of liquid counter uses 
a hollow anode (Fig. 1H). The metal 
electrodes are completely enclosed in a 
glass envelope. A 20-cm* glass sam- 
ple tube, closed at one end, is inserted 
in the anode. For solid samples, this 
counter offers the advantage that the 
not very sensitive 


counting rate is 


Vol. 17, No. 6 - June, 1959 


FIG. 12. HOLLOW-ANODE 
GUARD COUNTER for anticoinci- 
dence arrangement of beta counter; 
background is reduced by putting 
beta counter inside hollow anode of 
guard counter 


to the sample position within the 
hollow anode. The almost ideal elec- 
trode configuration provides good elec- 
trical characteristics. With a series 
resistance of 5.6 megohms, the plateau 
has a slope of 2% per 100 volts and a 
length of about 400 volts. The work- 
ing voltage can be chosen in such a way 
that the deadtime is <200 usec. The 
counting rate for a l-ye I'*! source in 
the center of the hollow 
3,200 epm, while the background is 
<100 cpm in a 5-cm lead shield. 

A dip counter (Figs. 1J and K) can 
be made with an external cathode or 
without a cathode. In the latter 
case (Fig. 1K), the liquid in which the 
counter is immersed the 
cathode. The thickness and the con- 
ductivity of the glass have of course 
to be chosen in such a way that the 


anode is 


acts as 


resistance of the glass layer does not 


become prohibitively large. The coun- 
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ter of Fig. 1J does not have electrodes 
but consists of two concentric glass 
spheres that are jointed at the top. 
The space between the spheres is filled 
with the halogen counting gas. The 
liquid to be measured is inside as well 
as outside the counter and acts as 
anode and cathode. For these appli- 
cations, the liquid conductivity has to 
be sufficiently high. 


Low-Background Counting 


The background counting rate and 
the detection efficiency are the main 
factors determining the measuring time 
fora given sample. The total measur- 
ing time, ¢t, that is required to obtain 
a predetermined root-mean-square er- 
ror s is given by 
—Nwe + 2b 


i=2 


S?N 2%? 


where N = disintegration rate of the 
sample; w = relative solid angle; ¢ = 
average detection efficiency of the 
counter, taking into account window 
absorption;andb = background count- 
ing rate. The sample and background 
measuring times are assumed to be 
equal, which is the ideal situation for 
sample counting rates that are lower 
than the background counting rate. 
From this it follows that high efficiency, 
large solid angle and low background 
counting rate are required to obtain 
a minimum measuring time. Which 
of these factors are dominant in a 
specific case depends on the ratio 
Nwe/b. 

The most important sources of the 
background (24-26) can be classified as 


Counter C 
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FIG. 13. 


counter dimensions and operating conditions (Co* source). 


J 


INTEGRATED CURRENT as function of dose rate for various 


Dimensions of 


counters (cm) in order of counter length, cathode diameter and anode diameter : 


A—40, 4.0, 0.8; B 


12, 4.0, 0.8; C—4.0, 1.5, 0.1; D—1.6, 0.5, 0.1; E—1.6, 0.3, 0.1 





1. gamma radiation from the en- 
vironment and from cosmic radiation 
(60-75 %) 

2. mesons from 
(23-35 %) 

3. beta radiation from detector ma- 
terials 

4, spurious counter and circuit pulses 

5. radiation from the gamma shield- 
ing (0.2-0.4%) 

The conventional 
background is an anticoincidence ar- 
rangement of the beta counter within 
a ring of guard counters. A novel 
device for eliminating cosmic-ray mes- 
ons consists of a single hollow-anode 
guard tube (27) (Figs. 1I and 12). 
The beta counter is placed inside the 
hollow anode so that every meson that 
strikes the beta counter has to cross 
the gas volume of the guard counter. 
This geometry offers a favorable field 
distribution. 

The rare-gas constituent of the 
filling is a 1:10-* neon-argon mixture 
with a pressure of 200 mm Hg. Bro- 
mine, at 0.06 mm Hg, is the quenching 
agent. 

The spherical-anode counter of Fig. 
1D can be used with the guard counter. 
Because of the flattened shape of this 
beta counter, its gamma sensitivity is 
considerably lower than that of a con- 
ventional end-window counter with 
the same window opening. For the 
same. reason, the cosmic-radiation 
sensitivity is also lower (2.9 instead 
of 5.9 cpm). This facilitates obtain- 
ing a sufficiently high guard-counter 
efficiency; the contribution of cosmic- 
ray mesons to the residual background 


cosmic radiation 


way to reduce 


will thus be proportionally lower. To 
obtain a low background, the counter 


materials have to be selected care- 
fully, e.g., glass and particularly the 
window material. The only material 
suitable for thin windows for halogen 
counters is mica, but its K*° content 
isa drawback. Stainless steel is much 
better in this respect, but vacuum- 
tight foils of 1.5-3 mg/cm? are difficult 
toobtain. Some background measure- 
ments are given in Table 2. 

The compactness of this guard- 
counter arrangement keeps the weight 
of the gamma shield low. A 10-cm- 
thick lead shield would weigh only 
200 kg (25). Ifa0.5-cpm higher back- 
ground is not objectionable, the weight 
can be reduced still more. 

In view of the statistical error, a 1.0- 
epm background is satisfactory for 
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most low-level counting. An activity 
corresponding to 0.9 cpm can then 
be measured with an rms error of 5% 
in 24 hr. However, for these long 
measurements, one must rely on the 
regular behavior of the background. 
Since testing procedures for low count- 
ing rates are time-consuming, it would 
be more appropriate to reduce the 
background to a negligible level. 


G-M Integrator Tubes 


In addition to counting individual 
discharges, G-M counters can be used 
to measure integrated current. The 
latter method offers not only simplicity 
of circuitry but also the advantage that, 
in a given range, the current appears 
to be proportional to the logarithm of 
the dose rate. A logarithmic behavior 
of the current over about two decades 
of the dose rate has been noted (28, 
29). This phenomenon can be qualita- 
tively explained by two effects: coinci- 
dence loss and decrease of the charge 
per pulse at high counting rate. 

Figure 13 shows measurements of a 
Co® source made with four different 
counters. The largest counter covers 
the range 0.5-10 mr/hr, the 
smallest one has a range of 1-300 r/hr. 
The slope of the current curve as well 
as the maximum current strongly de- 
pend on the resistor value R and the 
overvoltage (V — V,). 
counter, the useful range can be some- 
what extended to the lower side by a 


while 


For a given 


shunt capacitance across the counter. 
The maximum current, however, is not 
influenced by this measure, because it 
is approximately equal to (V — V,)/R. 
Saturation, however, then occurs at a 
lower dose rate. 

The current output is roughly pro- 
portional to (V — V,). Therefore, the 
required stability of the power supply 
is determined by V/(V — V,). This 
means that a long plateau and a low 
starting voltage are important counter 
characteristics for this application. 
In practice, values of V/(V — V,) be- 
tween 2 and 3 were obtainable for the 
counters of Fig. 13. Under such con- 
ditions, the demands regarding power 
supply stability are rather moderate. 

Operation of the integrator tube at 
high overvoltage offers the additional 
advantage of minimizing the influence 
of temperature variations. Tempera- 
ture variation causes a shift of the 
starting voltage and, in turn, a change 
in current through the counter, if the 


counter is kept at constant voltage. 

From the current characteristics, it 
can be that, for the largest 
counters, an appreciable current occurs 
at a dose-rate level as low as 0.1 mr/hr, 
i.e., 5 wa at 400-volt overvoltage and 
R = 5.6 megohm. Under these con- 
ditions, the current due to cosmic and 
environmental background radiation 
amounts to about 0.8 wa. This large 
current yield makes this counter very 
suitable for area monitoring or for 
operating alarm devices. Also, the 
circuits can be simple, cheap and 
reliable. The smaller counters, C and 
D of Fig. 13, are suitable for the higher 
0.1-10 and 1-300 r/hr, respectively, 
required for portable monitors. 

The logarithmic range of this type of 
instrument can be easily extended by 
putting two or more counters of differ- 
ent size in parallel, each of course with 


seen 


a separate series resistor. 
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2rnational technician with countercurrent distribution apparatus used to study moderator-coolant for Organic Power Reactor 


Begin with the knowledge of experienced scientists... 
conduct a seven-year research and development program 

. collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, 
designed by Atomics International to help meet the world’s 
power needs. 

This is the Orcanic Power REacTor—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated Reactor Experiment (OMRE) 
conducted by Atomics International for the U.S. Atomic 
Energy Commission. 


Outstanding advantages of the ORGANIC POWER 
REACTOR: Low capital investment * Low cost opera- 


tion * High inherent safety and flexibility + Reliability 
resulting from 


* Non-corrosive moderator coolant * Low pressure system 
* Conventional, off-the-shelf components and materials 
* Easy access during operation 


Atomics International is ready to furnish complete 
Orcanic Reactor electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

For details contact: Atomics INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: Atomics. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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FUSION-DEVICE PRICE curve drawn 
through price quotes (horizontal bars) 
released by AEC shows little variation 
with energy yield. Service charges 
account for about half of price. Since 
mony of these are one-time charges 
(such as site survey), repeated detona- 
tion at same site would be cheaper 


Plowshare Projects Reviewed at Cleveland 


As the difficulties of developing con- 
trolled fusion continue to be stubborn, 
the idea of getting at the huge resources 
of fusion energy via controlled nuclear 
explosions (Project Plowshare) seems 
more and more worthwhile. Speakers 
at a conference on Plowshare held dur- 
ing the 5th Nuclear Congress (this 
April in Cleveland) repeatedly made 
the point that we can today through 
nuclear explosions generate large quan- 
tities of fusion energy at low unit costs. 
The AEC price list for nuclear devices 
(see figure) shows that above 100 kilo- 
tons the price levels off at about $1 
million regardless of size. Thus a 
l-megaton yield at $1 million figures 
out to an energy cost of 25¢/10° Btu or 
less than 1 mill/kwh(th). The 10- 
megaton size provides energy at less 
than 0.1 mill/kwh(th)! 

The problem, of course, is to find 
practical schemes for using energy re- 
leased in this way. At the Cleveland 
conference (sponsored by the National 
Industrial Conference Board), John 8. 
Kelly, Director, Project Plowshare, 
Division of Military Application, re- 
viewed the schemes being considered. 
Although his office has received over a 
hundred suggestions for plowshare 
applications (including climate control 
and diamond production), Kelly re- 
ported that the current program is 
concentrating on four possible uses: 
excavation, isotope production, oil 
recovery and electric-power production. 

These projects can draw on the data 
from five underground test shots held 
to date: the Rainier test in September, 
1957; and the Logan, Tamalpais, 
Neptune and Blanca shots in October, 
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1958. Further Plowshare detonations 
will have to await possible international 
agreements on peaceful nuclear ex- 
plosions. In the meantime, however, 
thinking and preparations are going 
ahead. Project Chariot is looking into 
the details of using a nuclear device to 
excavate a harbor in Northwest Alaska, 
between Cape Seppings and Cape 
Thompson, north of the Arctic Circle. 
The 
nearby mineral 
Gnome plans to set off a 10 kiloton 
underground shot in the salt beds near 
Carlsbad, New Mexico to investigate 
the production and recovery of radio- 
Salt for- 
ma- 


would give access to 
Project 


har! or 
resources. ) 


isotopes in large quantities. 
mations appear convenient as a 
terial that will retain isotopes produced 
during the denotation and still allow 
recovery; it may also eventually prove 
useful in confining the thermal energy 
released to provide a heat source for a 
power plant located above ground. In 
this scheme, a coolant pumped down 
through the molten salt would remove 
the heat to a steam generator. 


Power Production 


An alternative scheme for generating 
electric power from nuclear explosions 
was proposed at the Cleveland con- 
ference by Clarence Zener (Westing- 
He would excavate two large 
and 


house). 
underground caverns 
them with a tunnel containing a turbo- 


connect 
generator. An explosion would be set 
off in one cavern, heating the gas that 
fills the cavern and driving it through 
the turbine to the other cavern. The 
next explosion is set off in the second 
cavern, driving the gas back through 


the turbine again to the first cavern. 
In this way the plant could turn out a 
steady power supply from an alter- 
nating series of explosions. Heat ex- 
changers on the low pressure side of 
the turbine would remove waste heat 
to keep the average temperature at a 
steady-state level. 

The main technical problem with 
his scheme, Zener claims, is whether 
caverns can be built that would hold 
up for a long enough time under the 
repeated explosions. Beyond this there 
is the economic problem; roughly 
speaking the capital costs and fuel 
costs could be made as low as one 
wants by going to larger caverns and 
bigger, more frequent explosions. The 
question is whether the plant size 
needed to get competitively-priced 
power would be too large to be useful. 
Zener estimated the cost for the 
excavation of two 600-ft-diameter 
underground spheres at $20 million 
(@ $5/yd*). He further estimated 
that a 1-megaton explosion once a week 
in this system would provide power at 
a cost of the order of magnitude of 
current rates; but, by today’s stand- 
ards, the plant output would be large 
about 7,500 Mw(th). 


Shale-Oil Recovery 


A Plowshare project to use under- 
ground explosions to produce oil from 
oil shale has evolved to the point where 
the AEC and the Bureau of Mines 
have invited the oil industry to share 
the expenses for a 10-kiloton test shot 
in the Green River oil shale in Colorado. 
C. C. Anderson (Bureau of Mines) 
reported in Cleveland that over half of 
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e Gamma-Ray 
Spectrometers 


Ratemeters 
Portables 


Complete 
Counting 
Systems 


Alpha, Beta, 
Gamma, Neutron 
Detectors 


Sources and 
Standards 


‘Fe Nuclear 
Accessories 


Our new 76 page Catalog R, just published, describes more than 125 products available 
from Nuclear-Chicago for detecting, counting, and recording radioactivity. Instrumentation 
systems for industrial and biochemical research, clinical medicine and nuclear education are 
included. Thirty-five new instruments and groups of instruments have been added to make 
the most integrated quality line of nucleonic equipment ever offered by a single manufac- 
turer. We'll gladly send you a copy of Catalog R, without obligation, at your request. 
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“‘push button” 
access locks 
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eliminate 
human error 


Henry Pratt 
access locks 
at MIT Test 


Reactor 





Absolute integrity is assured any Nuclear Reactor Contain- 
ment Vessel when Henry Pratt Co. Access Locks are provided. 
Completely automatic, these unique safety devices are inter- 
locked so that entrance and exit to the vessel is accomplished 
with ease, in 25 seconds, with complete safety. 


The knowledge and experience gained through installations 
at Vallecitos (GETR), Arco (EBR-2), M.I.T. (test reactor), 
Ispra, Italy (CNRN) and others, has enabled the Henry 
Pratt Co. to offer a complete line of standard sizes for both 
personnel and equipment in high pressure and low 
pressure design. 

Among exclusive Henry Pratt Co. Access Lock features are: 


1 Inflatable Seal Personnel Air Locks. Either round or rec- 
tangular. Only one second is required to inflate or deflate 
the seal from readily available plant air supply. Emergency 
inflation can be provided by standby nitrogen tanks or air 
reservoirs. Push button actuated, only proper sequence of 
buttons will operate doors. Eliminates error. Flush-floor 
doors for easy passage of personnel or hand-trucks. Features 
pressure equalizing valves which prevent radical pressure 
changes within lock. 

2 Inflatable Seal Equipment Locks. Design provides 8’ x 10’ 
opening. Flush mounted doors permit use of full area for 
equipment passage. Features pressure equalizing valves 
which prevent radical pressure changes within lock. 


3 Compression Seal Personnel Air Lock. High pressure 
design up to 45 psia. Rectangular 3’-6” x 6’-8” passage. Con- 
forms with ASM E non-fired pressure vessel code. Features 
pressure equalizing valves which prevent radical pressure 
changes within lock. 


The Henry Pratt Co. is also a pioneer in the design and manu- 
facture of butterfly valves and expansion joints for the Nuclear 
Industry. A competent group of sales engineers are located in 
key cities. In Europe, represented by Ateliers J. Hanrez, Societe 
Anonyme, Monceau-sur-Sambre, Belgium. 


Bulletin 4518S soon to be pub- 
lished, fully explains these 
and many other advance fea- 
tures of the 25 standard sizes 
available in fully automatic 
or manual design. Be sure 
to write for your copy today. 


HENRY 


PRATT 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 


the oil companies had already replied 
to the invitation. He also quoted the 
results of a detailed cost study of a 
full-size oil-shale project; the cost of 
shale oil produced in this way comes 
to $2.35-2.90 per barrel versus $2.25 
charged today for similar-grade oil. 
Oil shale in the U. 8. alone contains 
an estimated 700 billion barrels of oil 
which is at least double the world’s 
known crude oil reserves and 15 times 
as large as the U.S. reserves. Previous 
to Plowshare, oil companies were al- 
ready experimenting with ways to mine 
oil shale and retort it in special plants. 
With the Plowshare scheme, the explo- 
sion would break up a large volume of 
underground shale that would be left 
Heat from the nuclear de- 
vice would drive some oil out of the 
shale, but most of the oil would be 


in place. 


retorted by burning some of the oil 
in situ with oxygen piped in through 
Other wells would pump the 
In this 
method the cost of mining the shale 


W ells. 


unburned oil to the surface. 


which came to 50% of the total cost 


in the conventional proposals) -is 
replaced by the cost of the nuclear 
much less 

only ~12¢/barrel of oil. Although 


the Plowshare method requires wells 


device which would be 


to supply oxygen and remove the 
oil, the cost of these is offset in the con- 
ventional schemes by the costs for shale 
handling and disposal and the retort. 


Salt-Water Conversion 


The results of Project Gnome may 
encourage a plan described in Cleve- 
land by Roger E. Batzel of Livermore 
for distilling fresh water from sea 
water. The 
explosion would be stored in a salt- 


heat from a nuclear 
formation cavity about a mile below 


ground. A pipe would carry salt 
water down to the cavity where it 
would change to steam and exit to the 
The entrance 


and exit pipes would form a crude 


surface as fresh water. 


regenerative heat exchanger so that 
the fresh water on the way up heats 
With 
the pressure available a mile below 
ground, the temperatures in the heat 
exchanger and cavity might be adjusted 
to operate the cavity at above the 
Under this 


the salt water on the way down. 


critical point of water. 
arrangement no energy would be lost 
in supplying heat of vaporization and 
the cost of distilling sea water might 
be reduced to as low as $40/acre-foot. 
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Nuclear power station 
with boiling water reactor. 












Design with self-develop- 
ment to increase the tempera- 
ture of the live steam . . . 


15 MW. 


Nuclear power station with 
boiling water reactor. 
System General-Electric. 


Total planning until ready 
state for operation .. . 
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FOR POWERFUL 


10 MW, 


D.O—type of tank— 
research-reactor. 
Observation of reactor 
manufacture. 


Total planning and 
installation .. . 





5 MW;, 


““Swimming-pool”’ 
research reactor. 


pA C 
yi 


NUCLEAR 
SYSTEMS 
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Berlin (West) Frankfurt (Main) 





Total planning and 
installation . . . 
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PLANT 


at your service to supply and de- 
contaminate protective clothing 
for companies in the nuclear field 
throughout the United States. 
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DUST-FUELED REACTOR flow diagram. 
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Each cycle, small fraction of He-fuel dust 


suspension passes through fission-product removal system 


Armour Dust-Fueled Reactor 


«++ service when and where you want it 


«++ garments maintained in A-1 shape at 
all times 


+++ garments to meet your specifications 
«++ save time, effort, bother and money 


+++ G@rrangements made for purchase of 
equipment and supplies 


By D. KRUCOFF 


The Armour Dust-Fueled Reactor 
ADFR) uses a new fuel form—fission- 
able dust carried in a gas—that prom- 
ises the advantages of 2,000—3,000° F 
operating temperatures and a low-cost 
Interstate is qualified fuel cycle. 

Since the ADFR concept was first 
described in 1958 (1), a development 
program (2, 3) has been sponsored by 
the AEC to experiment with the pro- 
posed fuel and make analytic studies. 


handle both radioactive 


ino f 


oxic materials 


Reactor Concept 


The ADFR fuel is an aerosol-type 
suspension that has almost the same 
uniformity and handling ease as a gas. 


Call us for further information 


ceramic moderator (such as graphite or 
beryllium oxide) with through holes for 
passage of the fuel-laden gas. If graph- 
ite is used as the moderator, the chemi- 
cally compatible fuel dust would be 
uranium carbide; the ducts and cham- 





The core can be simply a block of 


Armour Research Foundation, Chicago, Illinois 


bers in contact with the fuel could be 
lined with silicon carbide and the gas 
would be helium. If beryllium oxide 
is used as the moderator, the fuel dust 
would be uranium dioxide, the lining 
material could be aluminum oxide, and 
the gas carbon dioxide. We call these 
systems respectively the carbide and 
the oxide systems. 

The figure shows a flow diagram of 
the ADFR system. All ducts are lined 
with ceramic thermal insulation and 
covered with a gas-tight metal skin. 
High-temperature fluid leaves the core 
and plenum chamber and enters a 
cyclone separator that all 
particles substantially larger than the 


removes 


fuel particles. (For instance, pieces 
might break off from the ceramic lin- 
ing.) The fluid next enters a heat ex- 
changer or boiler where it generates 
steam. The heat exchanger could be 
a conventional metallic boiler with the 
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3000 POUNDS 
‘ OF LEAD WEIGH 
EXACTLY 1% TONS; 


may require especially reinforced 

floors; cost approximately $800.00; 

and are altogether superfluous with the 
availability of the 

new Amperex’ 
Type 18515/Type 18517 


Low-Level Beta Counter 


In recent years, the meas- 
urement of low level radiation 
has become increasingly 
important, particularly in con- 
nection with the radioactive 
contamination of the atmos- 
phere, water supplies, food- 
stuffs, and the waste. material 
from medical, radio-chemical 
and nuclear laboratories. 
Hence, an acute need has 
developed for a reliable, ultra- 
sensitive Geiger counting 
system which combines accuracy and compactness at 
a moderate cost. 

The new Amperex Type 18515/Type 18517 low 
level beta counter tube configuration now makes such a 
system possible. A single cosmic ray guard tube, Type 
18517, now replaces an entire array of up to thirty 
guard tubes heretofore required in low background 
systems. 

A system utilizing the new Amperex tubes requires 
only 400 lbs. of lead shielding to achieve backgrounds 
in the order of 1 cpm—thus eliminating as much as 
3000 lbs. of shielding material necessary for a conven- 
tional system. 

The resultant simplification in circuitry, plus the 
elimination of multi-guard tube malfunctions, provides 
a dramatic increase in system reliability. 


















By virtue of its unique design, the beta detection 
efficiency of the Amperex 18515 beta tube greatly ex- 
ceeds that obtained by any previous halogen-quenched, 
thin-window tube. 


Because of its unique construction, processing, and 
gas mixture, the cosmic ray efficiency of the guard 
counter is virtually 100%. Thus, NO cosmic ray can 
actuate the inner tube without simultaneously actuat- 
ing the guard counter. 


To reduce the effects of radioactive contamination, 
utmost care has been taken in the selection and process- 
ing of all materials used in the fabrication of these tubes. 


The type 18515 can be supplied with a mica window 
1.5—2 mg/cm?, or, where a further reduction of back- 
ground is required, with a steel foil window 8 mg/cm?. 


Thus, AMPEREX, first to manufacture produc- 
tion quantities of Geiger-Muller tubes with completely 
uniform and predictable characteristics, and subse- 
quently, pioneers in the development and mass produc- 
tion of stable, unlimited-life, halogen-quenched Geiger 
tubes, has again turned its ‘proprietary’ manufacturing 
techniques to the implementation of a significant new 
development in radiation measurement from the re- 
search laboratories of Philips of the Netherlands. 


For additional information, write to Semi- 
Conductor and Special Purpose Tube Division, Amperex 
Electronic Corporation, 230 Duffy Avenue, Hicksville, 
Long Island, New York. 


ask Amperex 


about their full range of radiation counters, 
high temperature radiation counters, 
photomultipliers, photo-sensitive devices, 
indicator tubes, premium electron 

tubes and semi ductors. 
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...iN any enrichment 

...as sinterable powder 

...as high-fired powder 

...aS high-fired spheroids 

...as high-density pellets, 
plates, rings or 
cylinders 

--» pure, or in combination 


with other materials, 
such as ThOs 


Also: UO;, U;O.; UC, UC.; UF,; 
ammonium diuranate; urany]| nitrate, 
sulfate, chloride and fluoride, as well 
as other compounds. 


Also: Uranium and thorium alloys; 
metallic and ceramic dispersions; con- 
trol and moderating materials. 

Continuous process conversion 
from UF¢ assures product uniformity. 

Fully integrated facilities — UF, 
conversion, fabrication, scrap recov- 
ery—are your guarantee of maxi- 
mum economy and quality. 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsyivania 
Telephone: GRover 2-8411 Cable NUMEC 
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2,000—3,000° F reactor fluid taking the 
place of the combustion gas (that typi- 
cally has temperatures in the same 
range). 
heat 
exchanger. 


Higher-temperature process 


would require a ceramic heat 


On leaving the heat exchanger, most 
of the fluid enters a blower and recircu- 
lates; a small part of the flow passes 
through a fission-product removal 
system, 

An expansion chamber, connected to 
the lower plenum chamber through a 
pressure regulator, damps power fluctu- 
ations. During a power transient the 
pressure regulator lets fuel into the 
expansion chamber and so terminates 
the transient. The fuel then returns 
slowly to the system through an orifice. 

We have also considered an inter- 
nally cooled ADFR core with a non- 
radioactive primary loop (which would 
ease maintenance and reduce fuel in- 
The core resembles a shell- 
fuel- 


ventory). 
and-tube 
laden gas on one side and pure gas on 
the other. The fuel circulates at low 
velocity through the core and the fis- 
The 
high 


heat exchanger with 


sion-product cleanup system. 
pure coolant gas circulates at 
velocity through the core and the pri- 
made 


mary loop. The core tubes are 


of moderator material to get high neu- 


Major Uncertainties .. . 


Fuel Properties. Although in experi- 
ments to date, particles of the correct 
size circulate well with very little ero- 
sion, wall deposit and erosion need 
further investigation, particularly in 
components such as the compressor and 
heat exchanger. Also, no in-pile or 
high-temperature work has yet 
done. 

Control. Reactor-stability studies 
will require more detailed data on the 
uniformity of the fuel suspension during 
circulation. High-speed fluctuations of 
the concentration are particularly 
important. 

Compressor. A _ specially designed 
compressor will be needed to minimize 
the problems of rotor erosion and dust 
accumulation in the compressor. 

Leaktightness. In the present design 
a secondary He loop may be required to 
isolate the primary He loop from the 
steam side. 

Eventually a direct gas-turbine cycle 
might eliminate the heat-exchanger 
leaktightness problem; then only the 
compressor precoolers, which operate 
at relatively low temperatures, would be 
a problem. (This appears quite attrac- 
tive for an internally cooled ADFR with 
a primary coolant of pure helium.) 


been 


tron economy. Some leakage of gas 
through these tubes into the fuel region 
can be tolerated since it will be removed 
in the fission-product cleanup system. 
The power density is more limited than 
in the externally cooled case first dis- 
cussed but compares very favorably 
with other gas-cooled reactors because 
of the high operating temperatures. 


Thermodynamics 

Because the energy release occurs in 
fine particles in the coolant stream, 
relatively little (perhaps 15%) of the 
energy the 
Also, heat transfer from the channel 
walls back to the fluid is excellent due 
to the high temperatures and radiation 
Thus the 
channel-wall temperatures are expected 
to be only 50-100° F above the bulk- 
fluid temperature. 
in the core is given by simple heat- 


reaches channel walls. 


absorption of the particles. 


The power density 


transport calculations. For instance, 
the reference-design core (with helium 
as the carrier gas) has a pressure of 30 
atm and inlet and outlet temperatures 
of 1,000° F and 2,500° F respectively. 
Hence an average gas velocity of 220 
ft/sec 500 Mw of heat. 
Even higher gas velocities, and corre- 


will remove 


sponding power levels, are believed 
practical. 

The large temperature rise through 
the core of the ADFR will cause a large 
axial variation in the fuel-dust concen- 


tration. However, multiregion calcu- 


. . . Major Advantages 


High Temperatures. Temperatures 
of 2,000-3,000° F allow good thermal 
efficiency and high power density in 
power reactors; also reactor heat at 


these temperatures could support a 
wide range of endothermic chemical 
processes. 


Reduced Corrosion. If helium is 
used, corrosion is limited to impurities 
in the helium, fission products, and the 
fuel dust (together, these have a volume 
only 0.1% that of the He). 

Low-Cost Reprocessing. To reproc- 
ess the fuel, the solid particles (fuel 
and solid fission fragments) are simply 
removed from the carrier gas and put 
through the reprocessing plant; no 
cladding or matrix material is involved. 

High Neutron Economy. The reactor 
core is virtually free of neutron poisons 

there are no control rods, fuel-ele- 
ment matrix and cladding materials or 


structural material and the fission- 
product concentration is low. Breeding 
therefore seems assured with the 
Th-U?* cycle. 


Fluid-Fuel Advantages. In common 
with other fluid-fuel systems the ADFR 
has: (a) no fuel-element fabrication 
costs, (b) unlimited burnup, (c) no con- 
trol rods, and (d) continuous operation. 
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ALUMINA ai 
CERAMICS Re 


excellent 
corrosion 
resistance 





reliable electrical 


ALITE—the high-alumina ceramic developed 
: by U. S. Stoneware—is meeting many difficult 


design requirements related to nuclear 

energy projects. If you need a material that must 
maintain high mechanical strength and 
load-bearing properties at elevated temperatures; 
that has high dielectric strength and low loss 
characteristics; that has superior resistance to 
corrosion, abrasion, thermal shock and nuclear 
radiation—perhaps Alite is your answer. 


Tell us your specific requirements. Our ceramics 
specialists will provide all possible assistance in 
applying Alite to your nucleonic design problems. 


For full description of Alite, plus data on Alite Ceramic. 
to-Metal Seals, write for Bulletins A-7R and A-40, 








oe DIVISION BOX 119 ORRVILLE, OHIO 


Vol. 17, No. 6 - June, 1959 103 














PROVIDING 
UNPRECEDENTED 
PERFORMANCE 
IN CRITICAL 
OPERATIONS 


ESTABLISHES NEW HIGH STANDARDS OF 
DEPENDABLE IMPERVIOUS PROTECTION 


CHARCO'S ‘“‘NEO-SOL" ALL-MILLED NEOPRENE 


DRY BOX 
GLOVE 


FLEXIBLE, FINGER-SENSITIVE AND COMFORTABLE 
SAFE AND TROUBLE-FREE PERFORMANCE 


CHARCO Dry Box Gloves are manufactured of MILLED 
NEOPRENE by the Multiple-Dip Cement Method, using 
MOLECULAR solvent solutions of neoprene. 


HIGH VOLTAGE TESTED 


CHARCO’S electrical test is made after 
visual and other inspections. It insures 
that each glove is free from hazardous 
defects. 


Write for FREE ILLUSTRATED FOLDER 
CHARLESTON RUBBER COMPANY 


7 STARK IND. PARK CHARLESTON, SOUTH CAROLINA 
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lations show that the effects of fuel 
non-uniformity in the ADFR are of 
small consequence. 


| Safety 


The ADFR is believed to be unusu- 
ally safe, because of the large prompt 
temperature coefficient of the fluid fuel 
and because no chemical reactants and 
liquids are present that will rapidly 
form gases. Of course, one accident 
that can cause a transient would be the 
accidental addition of fuel dust to the 
Rather than use control rods to 
control such transients, we have studied 


core, 


the capabilities of a pressure regulator. 

With an ideal pressure regulator, the 
pressure will not change during the dis- 
turbance and only the temperature will 
rise. This rise depends on the tem- 
perature coefficient and the excess reac- 
tivity inserted. The prompt tempera- 
ture coefficient of the fuel has been 
calculated to be —1.63 X 107-4 C7 
arising from fuel-density changes with 
the expansion of the carrier gas with 
















Stainless Atomic 
Reactor Parts 


Brazed by 
Wall Colmonoy 


Many new developments contrib- 
uted to the success of the Shipping- 
port (Pa.) Atomic Power Station. 
Among them were the specialized 
brazing techniques provided by Wall 
Colmonoy Corporation to Westing- 
house Electric Corporation, which 
designed and developed the nuclear 
portion of the Shippingport Atomic 
Power Station under the direction 
of and in technical cooperation with 
the Naval Reactors Branch of the 
U.S. Atomic Energy Commission. 


Wall Colmonoy did brazing and leak 
testing of instrumentation parts for 
use within the reactor vessel. Wall 
Colmonoy’s own Nicrobraz high- 
temperature service brazing alloys 
were utilized. Their specialized abili- 


Bottom support plate of Shippingport’s Core 1 
with instrumentation sections attached. Insert 
photo shows close-up of a tube sheet joint brazed 
with Nicrobraz for the core instrumentation. 


ties and products might well be of 
great value to your operations. For 
more information, write to: 
STAINLESS PROCESSING DIVISION 
Wall Colmonoy Corporation 

19345 John R Street, Detroit 3, Michigan 
There are Wall Colmonoy furnace plants 


located in Detroit, Michigan; Morrisville, 
Pennsylvania; and Montebello, California. 


cess reactivity. 







temperature. We find that, for an ex- 
treme case of a 20% addition to the 
critical loading, we obtain a 4.7% ex- 
This combined with 
the above temperature coefficient gives 
a temperature rise of 542° F—not at all 
large compared with the anticipated 
operating temperatures. 

So far we have discussed only an 
ideal pressure regulator. To bracket 
the behavior of a practical pressure 
regulator we next assume no pressure 
regulator at all and further that the 
core and plenum chambers form a 
sealed We use a simplified 
model of the gas dynamics which as- 
sumes that an interface is maintained 
between the fluid expanding from the 
core and the fluid in the plenum cham- 
bers during the short time required to 
reach peak power. Thus, expansion of 
the excess fuel out of the core is resisted 
by the fluid compressed in the plena. 
Also, we conservatively assume that the 
fluid originally in the core continues to 
be heated throughout the transient. 
The volume of the plenum chambers 
together was taken equal to the core vol- 


system. 
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ume. With excess fuel added instanta- 
neously, the peak power is reached when 


| the excess fuel is removed from the core 
| in the fluid expansion. Again for a 
| 20 % fuel addition (in a reference-design 
| reactor operating initially at 500 Mw), 
| the pressure and temperature increases 
are 13.5 atm and 1,800° F from initial 
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Reference Design 





Core (right cylinder, radial reflector) 


Height 10 ft 
Diameter 6 ft 
teflector thickness 2 ft 


Fuel (93% enriched U*** as UC?) 
17.4 kgm U*% 
0.0507 % 


Critical mass 
Fuel /channel 
volume ratio 
Fuel /moderator 146.7 ppm 
atom ratio 
Coolant gas (helium) 
Fractional free-flow 45% 
area 
Moderator and reflector (graphite) 
1.476 gm/em? 
2,000° F* 


Density 


Core temperature 


* Uniform through core and reflector. 





values of 30 atm and 2,000° F, with the 
peak in 14.5 
These values can probably be tolerated 


power reached msec 
and would be decreased not only by the 
pressure regulator but also by expan- 
sion into the external system. 


Fuel Dust Experiments 





We have carried out experimental | 


studies on circulating gas-dust suspen- 
sions in a square 5- X 5-ft loop formed 
of 2-in.-diam glass tubing. Gas veloci- 
ties of 100 ft/sec, depending 


somewhat on dust concentration, have 


about 


been achieved with a 34-hp blower; a 
3-hp blower has given a gas velocity of 
147 To start with, we 
aluminum-oxide particles (900 mesh or 


ft/sec. used 
about 10 microns average size) to simu- 
late UO. and atmospheric-pressure air 
to helium at about 7 atm 
pressure (the ADFR system pressure 
would be at least 10 atm). 

The powder dispersed readily upon 
introduction into the air stream and 
circulated well in the loop with very 


simulate 


little deposit or erosion either in the 


blower or on the tube walls. Stopping 
the blower results in almost all the dust 
gradually accumulating in the blower 
as it comes to rest. Upon restarting 
the blower the concentration of circu- 
lating dust gradually builds up to a 
constant value after about a 10 minute 
period. We were able to circulate dust 
concentrations up to 0.2% by volume 


without difficulties; this corresponds to | 


about four times the UO, concentration 
needed for criticality. 

In addition to the aluminum oxide 
experiments, we have also done some 
work with UQs. 
as the carrier gas rather than air to pre- 
vent oxidation to higher oxides. We 
10 gm of very fine 


Nitrogen was chosen 


first introduced 
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Norton Products 
for 
Nuclear Progress 


In reactor development... nuclear 
energy projects... wherever nuclear 
problems exist, Norton products are 
aiding efficiency, safety, progress. 

Ceramic fuel pellets of UOe and 
various dispersions . . . borides for 
control and neutron shielding, in- 
cluding the lightweight, highly- 
stable NORBIDE* (B4C) . . . high- 
purity oxide refractory containers 
for development and processing, 
such as MAGNORITE* (MgO), ALUN- 
puM* (AleOs), and Stabilized Zir- 
conium Oxide . . . metallic oxides, 
silicates, and carbides for protection 
and insulation, including ROKIDE* 
Spray Coatings, and many more. 

In addition, Norton Company 
offers the assistance of an engineer- 





Control and Shield Materials 
Metallurgical Processing Refractories 
Ceramic Fuel Pellets 

Source and Intermediate Materials 
Refractory Supports 

Ceramic Protective Spray Coatings 
other vital components and materials 


ing staff experienced in the develop- 
ment of refractory compounds for 
nuclear use. Take advantage of this 
complete nuclear engineering “‘pack- 
age.”’ Write for complete details. 
And ask for catalog “Norton Prod- 
ucts for the Atomic Program.” 
NORTON CoMPANY, 655 New Bond 
Street, Worcester 6, Massachusetts. 
*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 


Making better products...to make your products better 


NORTON PRODUCTS Abrasives « Grinding Wheels « Grinding Machines « Refractories + Electrochemicals 
BEHR-MANNING DIVISION Coated Abrasives « Sharpening Stones « Pressure-Sensitive Tapes 
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Synchro-cyclotrons 


for various final 


energies 


PHILIPS 
equipment for 
Nuclear Physics and 
Atomic Energy 


Cockcroft-Walton 
accelerators 
Generators for 
very higt 

'o ommmn 20 )8 0101-3 
Linear electron 
accelerators 
aist-[eCelmmelelal ine) 
instrumentation 
atelelrehalela 
rare! 
detection equipment 


Civil defence 
instruments 


measuring 
Shown here is a new addi- 
tion to the Philips range of 
unitised radiation measuring 
equipment: the Ultra Stable 
5.5 kV High Voltage Supply, 
type PW 4023. 


Area monitoring 
instrumentation 


Geiger counter tubes 


Variation of the H.T. less than Photomultipliers 
0.003°/, per percent mains- 
voltage fluctuation; long-term 


drift max. 0.03°/,. 


HILIPS 


Nuclear Equipment 


Radio-active isotopes 
Air & gas liquefiers, 


Vacuum 
equipment 


measuring 








For further information please apply to one of the following addresses: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holland 
RESEARCH & CONTROL INSTRUMENTS LTD., instrument House, 207/215, 

King's Cross Road, London WC! 

PHILIPS ELECTRONICS INC., Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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powder (about 1 micron average size). 
As expected, very soon after entering 
the gas stream the particles plated out 
rather uniformly over the glass walls of 
Next we tried larger size 
UO: particles (average size 8 microns) 


the loop. 


and found they circulated as well and 
behaved in general like the previously 
In 
fact, after a few minutes the 8-micron 


used 10-micron aluminum oxide. 
material cleaned the 1-micron particles 
from the straight sections of the loop. 
Up to 40 grams of 8 micron UO: powder 
The con- 


centration of circulating dust reaches 


have been added to the loop. 


an equilibrium, as with the aluminum 
oxide powder, and remains constant. 


Reactor Physics 


Two-group calculations were made 
to determine the fuel concentration for 
the reference design shown in the table. 
Because of the large migration area of 
this reactor type, the thermal-neutron 
radial flux varies only 18% from the 
This 


uniformity, together with the high ther- 


center to the edge of the core. 


mal flux that is a consequence of the 
light fuel loading and high power den- 
sity, make the ADFR attractive as a 
test reactor. For instance if the refer- 
ence design operates at 500 Mw, the 
average thermal flux in the core is 1.6 X 
10'® n/cm? sec. 

The physics calculations show that 
substantial reductions in fuel concen- 
tration can be had by increasing any of 
the The use of 
U2*3 as fuel also reduces the fuel con- 


reactor dimensions. 


centration; the reference design, which 
is not optimized for U***, would have a 
critical mass of 12.8 kgm and a U?** fuel 
concentration of 0.035% by volume. 
The of the 
ADFR suggests that breeding on the 


high neutron economy 


U**%-thorium cycle is quite possible. 
* * * 


This article is based on the work of a num- 
ber of people at Armour Research Foundation 
The author wishes to express his appreciation 
to all of them, in particular the following 
individuals who contributed in the indicated 
fields: T. M. Rymarz, fuel dust experiments; 


F. Narin, reactor physics; D. Langford, 
thermodynamics; W. E. Loewe, safety. 
This work was performed under U. S 


Atomic Energy Commission Contract No. 
AT (11-1)-603. 
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FOR YOUR 
CONTAMINATED = types of 
cLoTHING ProBLem: SAFETY ENCLOSURES 
for handling hazardous substances 
you a constant low-cost supply of 


fresh, clean protective clothing for VACUUM 


your personnel. D R Y B 0 X 


rn Br in se 
oy ‘ . trolled atmosphere 
ae Save up to 50% by using our service. You ¢ sloping ra " 


may purchase or rent any type or style of ee, 
protective clothing, either cotton or syn- 
thetic material. 


NUCLEAR LAUNDRY SERVICE offers 












Se First in the field licensed by A. E. C. in 
1957. 





Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
7906 GREGORY AVENUE, WEEHAWKEN, N. J. 







ee Fully accredited to accept any by-product 
source or special nuclear material. 


NUCLEAR, o/t/eanvice INC. | 


P. O. Box 4145 Waterbury 14, Conn. 















UNITIZED 
ENCLOSURES 


Low in cost « 
Stainless steel 
« Modular 











Harvey-Wells presents 


construction 
adapts to many 
uses. 






CALIFORNIA-TYPE 
FUME HOOD 


For handling radioac- 
tive materials « dual- 
sided for double oper- 
ation. 








A COMPLETE NMR’ FIELD CONTROL 
SYSTEM FOR LESS THAN $3,000 


e Up to 30,000 gauss e Adaptable 
© Stability exceeds 1/105 e Compact 





MICRO-BIOLOGICAL 
SAFETY CABINET 


Back or top mount- 
ing of biological fil- 
ter canister « air 
lock if wanted. 


BLICKMAN SAFETY ENCLOSURES 


NMR instrumentation, electromagnets and power supplies, 
error signal comparator , . . digital components. 







*Nuclear Magnetic Resonance 
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Looking for 
Nuclear Components? 


Look what C. H. Wheeler 


f----------- 


The experience you want: C. H. Wheeler has been 
designing and building equipment for atomic energy 
installations since 1939, when the first nuclear chain 
reaction took place; and has been building power 
plant equipment since 1887. 


The engineering you need: At C. H. Wheeler, a fully. 
staffed, a Engineering Department is at 
your disposal, ready to provide new design ideas to 
meet your most exacting requirements. 


The manufacturing facilities you must nave—Modern 
precision machinery and highly skilled, experienced 
technicians enable us to produce canned pumps, | 
en valves and many other specialized items 

f you see the name C. H. Wheeler on a prod- 
uct, you know it’s a quality product 
Write for information on: 
PRESSURE VESSELS - CANNED PUMPS - GLANDLESS 
VALVES + EAT EXCHANGERS & CONDENSERS 


Products Divisi 


C. H. Wheeler Mfg. Co. 
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| stresses in the reactor core 








Airblost heat 
exchanger 


Steam generator 


"To turbine 
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Auxiliary Heat-Transfer 
System 


FIG. 1. 














Intermediate heat 
exchanger 


— Eddy-current brake 
Moin Heot-Transfer 
System 


SRE COOLANT SYSTEMS. Convection-head magnitudes (~0.3 psi in 


primary loop and 0.7 psi in secondary at full-temperature gradient of 460° F) were 
calculated to be sufficient to maintain flow rates of 10-15% of full flow after 
simultaneous shutdown of reactor and pumps 


SRE Decay-Heat Problem Solved 
by Eddy-Current Brake 


By W. S. DE BEAR 
Atomics International Div., 
Canoga Park, Calif. 


The early operation of Sodium Reac- 


|tor Experiment (SRE) verified a pre- 


dicted need for a sodium-flow throttling 
device to prevent excessive thermal 
and sodium 
piping after a shutdown or scram. 
When the reactor is shut down circula- 
tion of sodium through the reactor is by 
thermal convection. The result is that 
sodium, at a relatively low tempera- 
ture, is brought into contact with piping 
that is still at a high temperature, 
| thereby leading to excessive thermal 


Asbestos 
thermal 
borriers 
Steel yoke is nf 

J 7 ré ee 
ais ae 


Lol 


Braking 
section 




















| 


FIG. 2. EDDY-CURRENT BRAKE and 
throat section. Induced eddy currents 
generated in flowing liquid metal op- 
pose flow and thereby provide neces- 
sary throttling effect 


North American 


Ine. 


Aviation, 


stresses. These stresses have been 
minimized by installing two eddy-cur- 
rent brakes to control the sodium flow 
in proportion to the heat generation, 
resulting in constant temperature 
gradients. 

One brake is in the primary system 
(Fig. 1), the other is in the secondary 
system. Each is constructed as shown 
in Fig. 2. Braking action is provided 
by a  direct-current electromagnet, 
which creates a strong magnetic field 
across a modified section of 6-in., 
schedule-40, type 304 SS pipe. Eddy 
currents generated in the sodium by 
its motion through the magnetic field 
exert a retarding force on the flowing 
sodium. With a power of 2,400 watts 
supplied to the magnet, flow after 
scram is reduced from 1,200 to 12 gpm 
against a convection head of 3 psi. 


Need Predicted 


Several design-stage analog studies 
of the post-scram transient behavior of 
SRE concluded with the prediction 
that some control of convective flow 
after shutdown would be desirable to 
eliminate the possibility of rapid tem- 
changes in various reactor 
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perature 





components. However, owing to sev- 
eral uncertainties in the early analytical 
work (e.g., pressure drops across the re- 
actor core and other components) and 
the extent of thermal coupling between 
coolant and graphite, it was decided to 
obtain further experimental verification 
of the need for such flow-regulating 
equipment. Accordingly, a series of 
planned scrams were conducted at low 
power and with small temperature 
gradients across the reactor core. Cal- 
culations based on extrapolations to 
full power from the data thus obtained 
confirmed the predicted requirement 
for convection-flow control (1). 
Figure 3 illustrates the results of this 
work. The calculated temperature de- 
cay at the exit from the reactor core, 
obtained from the extrapolated data, is 
compared with the actual temperature 
decay (Curve A), which was experimen- 
tally determined ata later date. Curve 
B demonstrates the considerable im- 
provement that has been realized by 
the convection-flow control equipment. 
As soon as the value of flow-control 
capability had been definitely estab- 
lished, an evaluation program of possi- 
ble methods for implementing the de- 
sired throttling effect was started. 


Selection of Equipment 


Preliminary consideration of methods 
for restricting coolant flow after scram 
was directed toward valves, with initial 
emphasis On existing equipment in each 
of the main heat-transfer loops. The 
main primary-coolant valves proved to 
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FIG. 3. TEST RESULTS. Fuel-channel 
exit tempercture, with restricted flow, 
is compared with similar test during 
which full convective-flow rates were 
permitted to develop in main heat- 
transfer loops 











be a partial obstacle to this solution be- 
cause plug valves had been installed to | 
minimize the primary-loop pressure | 
drop and they were not suitable for pre- | 
cise throttling nor readily adaptable to | 
automatic actuation. 
A number of alternative systems were 
proposed in which one of the main 
valves, acting in its proper capacity as 
a blocking valve, was used in conjunc- 
tion with a by-pass line and a separate | 
throttling valve. The added com- 
plexity contributed by the duplication 
of equipment and the necessity for con- 
trolling two valves, however, were felt 
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FIG. 4. CONTROL SYSTEM. With this convection-flow-control sysiem, it has been 
possible to hold temperature drop of coolant leaving fuel channel to <20° F during 
first hour after scram while maintaining reactor inlet temperature essentially constant 
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FINALLY 
»* “tue LIGHT 


The weighty problems of 
light collection have puzzled 
us for some time. Now we 
are pleased to announce the 
development and availability 
of compacted powder reflec- 
tors for our Plastic Phosphor 
NE102. These new reflec- 
tors provide a light diffusion 
efficiency equivalent to MgO 
powder, but form an adher- 
ent coating without resinous 
binder. The light collection 
efficiency of our plastic phos- 
phors is thus greatly enhanced 
over that provided by painted 
reflectors. 


Our Scintillation Phosphors 


include: 


¢ Plastic Phosphor NE102 as 
cylinders, slabs and well- 
type units with compacted 


reflectors. 


© Spiral Plastic Capillary Flow 
Counter for alpha and beta 
detection in aqueous solu- 


tions. 
¢ Fast neutron detector NE404. 


¢ Thermal Neutron Detectors 
NE400 and NE401 with 
enriched B” 


© Loaded Liquid Scintillators 
containing Cd, Gd, Pb, 
Sm, B and Scintillating 


Gels 


® Scintillation Chemicals. 


























Opportunities in 


Engineering Analysis 
at Atomics International 


A fast-growing backlog of major projects is creating future- 
assured openings for qualified nuclear scientists and engineers at 
Atomics International headquarters in the suburban San Fernando 
Valley near Los Angeles. AI is now developing a Sodium Reactor 
power station for Consumers Public Power District of Nebraska 
and an advanced type of power reactor for a group of fifteen utility 
companies in the Southwest. Overseas, five AI research reactors 
are in operation or under construction—and AI’s Organic Moder- 
ated Reactor is one of the three power reactor concepts the Atomic 
Energy Commission has approved for export to Euratom. 


Here are some typical current openings: 

Reactor Engineering. Analysis and design of over-all power reactor 
systems and components. Prefer power reactor background in 
engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 


Core Analysis. Complete nuclear analysis to include criticality, flux 
distribution, and reactivity requirements. Fuel cycle economics 
and optimization. 


Shielding. Analysis and design of biological and thermal shielding 
of large stationary power plants. Advanced studies and methods 
analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experi- 
mentation and analysis. Power optimization studies; free and 
forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor 
components subjected to mechanical loads, thermal cycling, and 
thermal shock. Advanced analytical studies in thermal stress 
fatigue, elastic and inelastic behavior of plates and shells, struc- 
tural dynamics, and electronic analog and digital computer 
application. 

Control. Over-all power plant control including reactor kinetics 


and systems simulation. Experience valuable in plant protection 
systems, radiation monitoring, and control systems. 


Write today for more details about exciting career 
opportunities: Mr. C.F. Newton, Personnel Office, 
Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Senior Chemists, 
Physicists, 
Metallurgists 
and Engineers for 


FUEL ELEMENT 
DEVELOPMENT 


Fuel Materials. Senior Physical 
Metallurgists and Chemists 
for research and development 
of reactor fuels. Research in 
gas-metal systems, emphasis 
on structural, phase equilibria, 
and material properties. 
Alloy development of fuel 


eration in power reactors up to 
temperatures of 1200°F. and 
higher. 

Study radiation effects, over- 
all evaluation of uranium and 
alloys and ceramics. 


Fuel Fabrication.Senior Metal- 
lurgical, Mechanical and Chem- 
ical Engineers for fabrication 
development of materials and 
elements. Includes both rod- 
type and plate-type elements 
and complex assemblies. De- 
velopment of non-destructive 
tests for these elements. 


Irradiation Experiments and 
Hot Lab Evaluation. Senior 
Physicists, Chemists and En- 
gineers to develop and conduct 
irradiation experiments to 
establish the behavior of fuel 
materials and prototype fuel 
elements under conditions of 
temperature and radiation an- 
ticipated in full scale power 
reactors. Also Senior person- 
nel to develop techniques and 
equipment for the post-irradi- 
ation testing and evaluation of 
these experiments. 


Write today for more de- 
tails about exciting career 
opportunities: Mr. ©. F. 
Newton, Personnel Office, 
Atomics International, 
21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS 
INTERNATIONA 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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| quired control. 


and cladding materials for op- | 


| the reactor restart operation. 


‘NUCLEAR ENGINEERING) 


This article starts on page 108 


to be too disadvantageous for this use. 

The replacement of one of the exist- | 
ing valves with a suitable throttling 
valve and automatic actuator was 
weighed against the increased pressure | 
loss that would be incurred. Also of | 
some concern were the elevated tem-| 
perature and radiation levels to which | 
the valve actuators would be subjected 
during reactor operation. 

The addition of an auxiliary electro- 
magnetic pump to oppose flow in each 
of the main loops represented still 
another approach for achieving the re- 
In this instance the 
relatively large power drain of such 
equipment (of significance after a loss 
of normal electrical power when emer- 
gency power would have to be used) 
was an undesirable disadvantage. 

The recommendation for application 
of the eddy-current brakes resulted 
from a comparison of their simplicity, 
low pressure loss, low power consump- 
tion and ease of control against similar 


| 
| 





considerations relating to the other 
potential solutions. Ease of fabrica- 
tion and rapid procurement were other 
important factors resulting in their| 
selection as was the knowledge that 
they could not, by malfunction, cause a 
complete stoppage of coolant to the 
reactor core, nor could they fail in a| 
“shut” position and thereby hamper | 
Finally, | 
they could be directly coupled to the | 
battery bank that supplies vital and | 
emergency power to the reactor plant. 


Design and Fabrication 


The equations governing behavior of | 
the eddy-current brake were derived by | 
R. S. Baker (2) based on work by | 
R. Rudenberg (3) on the eddy-current | 
drag produced in spinning copper disks. | 
The brake consists of two large d-c 
magnet coils mounted on a mild steel 
core and situated so as to pass their 
magnetic flux through a flattened sec- | 
tion of the main 6-in. sodium piping. 

Flow control is obtained quickly (time | 
constant: 3.7 sec) by varying the coil | 
currents and, therefore, the flux den-| 
sity. The equipment has no moving 
parts to adversely affect its reliability | 
or require inspection or maintenance. | 
It is insensitive to local temperature | 
and radiation levels, requires no pene- | 
tration of the main piping or liquid- | 
metal seals and causes a very low pres- 


OPTICAL 
STRAIN-MEASURING 
INSTRUMENT 


Tests tensile properties 
of radioactive materials 
at reactor temperatures 


This Optical Strain-Measuring Instru- 
ment was designed for nuclear reactor 
development work. It permits precise 
determination of the tensile properties 
of irradiated fuel and structural ma- 
terials at reactor temperatures. 


Gaertner Scientific Corporation, de- 
signers of the instrument, had this 
problem to overcome: extremely accu- 
rate measurement of elongation must 
be made even when the specimen itself 
is inaccessible due to radiation and 
temperatures up to 800° C. 


To solve the problem, Gaertner de- 
veloped a special mechanical-optical 
system to measure elongation of a 
specimen with direct reading to 50 
micro-inches. 


The optical system has a working 
distance of more than 24 inches, per- 
mitting the insertion of shielding be- 
tween the optical unit and the furnace 
... the light travels through six inches 
of lead-glass shielding and the quartz 
window of the furnace. This allows the 
operator to observe the specimen closely 
and yet be completely safe from 
radiation hazard. 


Wide range measurement is possible 
... the micrometer moves through 0.5 
inches for a one-inch specimen. This 
makes it possible to measure elonga- 
tion-to-failure of many irradiated fuels 
and structural materials. 


The Optical Strain-Measuring In- 
strument is one of many precision 
optical instruments designed and man- 
ufactured by Gaertner to measure di- 
mensional changes of specimens under 
various environmental conditions. 
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sure drop under normal flow conditions. | Gaertner 1257 Wrightwood Ave 


This last advantage was later found to 
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At Los Alamos, the many-faceted field of engi- 
neering offers inspiration to skilled, imaginative 
professionals. Fascinating design and development 
projects in chemical, metallurgical, electrical and 
mechanical engineering are a vital part of the 
Laboratory’s diversified research program. And 
engineering is just one of the many scientific ac- 
tivities in which far-seeing men and women find 


a challenge at the Laboratory of the future. 


For employment information, 
write to: Personnel Director 
Division 59-57 


os Jalamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


('NUCLEAR ENGINEERING 


This article starts on page 108 


be <1.5 psi at a flow rate of 1,200 gpm. 

In consideration of the many appar- 
ent advantages of the eddy-current 
brake, the fabrication and testing of 
two units was initiated. Although no 
previous operating experience was avail- 
able, there was little doubt as to the 
success of the undertaking because the 
operating characteristics were amenable 
to theoretical analysis from first princi- 
ples. Test results were considered so 
satisfactory that installation of a brake 
in each of the main loops was immedi- 
ately initiated. 

In the SRE installation, the brake 
coils are connected in parallel across 
the 120-v battery bank that supplies 
emergency power to vital equipment 
when normal power is lost. This ar- 
rangement was feasible because of the 
small power drain under normal oper- 
ating conditions. Although the origi- 
nal design was based on a combined 
coil current of 20 amp, and testing was 
carried out to 25 amp, normal oper- 
ational requirements are only 5-10 
amp per brake for a maximum total 
power consumption of 2,400 watts. 


Control System 


The method of control chosen to ful- 
fill the specification for constant system 
temperatures is illustrated schemati- 
cally in Fig. 4. Operation of the pri- 
mary eddy-current brake is governed 
by a temperature measurement at the 
fuel channel exit. The temperature 
controller set-point automatically 
tracks the fuel channel temperature 
during normal operation, becoming 
fixed at the instant of scram. Devi- 
ation of the actual temperature from 
set-point temperature is then used for 
regulation of brake-coil currents. 

The fixed set-point approach was 
later modified by the addition of an 
automatic programmer to permit a 
temperature drop at an allowable rate 
of 50° F/hr. This change was made 
to avoid excessive restriction of pri- 
mary-coolant flow. 

Control of secondary-coolant flow is 
obtained, in like manner, by deviation 
of actual temperature from the set-point 
temperature T, To ensure a satis- 
| factory reactor inlet temperature, how- 
| ever, an override control is assigned to 
ia controller monitoring the primary- 
| eoolant cold-leg temperature T;. This 
instrument remains inactive unless tem- 
| perature T, deviates beyond the per- 
| missible excursion limits of 20° F. It 
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then assumes full control until the tem- 


perature has been returned to an ac- 
ceptable condition. 

A series of reactor-scram tests was 
undertaken to obtain data for the final 
evaluation of the new equipment and 
its control system. This work pro- 
vided the necessary verification of con- 
trol capability by demonstrating that 
reactor temperatures could be main- 
tained near pre-scram levels for inter- | 
vals of 2-3 hr or longer if necessary. 

The ability to maintain constant re- 
actor temperatures after scram has 


proven to be of considerable value dur- | 


ing the reactor restart procedure by 
both simplifying and accelerating this 
operation. With the main loop flow 
control, the reactor can be returned to 
power as rapidly as the safety circuits 
will permit. On numerous occasions, 
after test scrams or others where the 
cause of scram could be readily deter- 
mined and corrected, the reactor has 
been returned to significant power 
levels within 30 min after scram. 

Also, as a consequence of the excel- 
lent throttling characteristics of the 
eddy-current brakes, it is no longer 
necessary to stop the main pumps after 
areactor scram. Present practice is to 
drop pump speeds to minimum values 
(~100 rpm) and to compensate for any 
excess flow by slight current increases 
to the brake coils. This procedure has 
eliminated the flow surge previously 
associated with the pump restart. 

The automatic control also eliminates 
the necessity for continuous, manual 
adjustment of flow with increasing 
power level. During this operation the 
fuel channel exit temperature tends to 
increase, causing an automatic relaxa- 
tion of the braking current to provide 
the desired matching of power level and 
coolant flow. 

It should be emphasized, however, 
that eddy-current brakes are not con- 
a panacea for every liquid- 
metal throttling problem, and _ their 
choice does not reflect any lack of confi- 
dence in other types of equipment. 
However, on the basis of their excellent 
performance in the present SRE appli- 
cation, they are heartily recommended 
as throttling devices for unusual flow- 
control situations. 


sidered 
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LIQUID SCINTILLATION COUNTER 


‘Low IN COST 
GADGET- FREE 
EFFICIENT 
PROVEN IN USE... 


1 Measurement of low energy beta emit- 
ters, such as Carbon 14 and Tritium pre- 
sents no difficulties with this newest EKCO 
counter. Can be used with any scaler or 
ratemeter providing the necessary power 
requirements. No additional amplifier 
needed. 


Q The sample, either dissolved in the 
liquid phosphor such as diphenyloxazole in 
toluene (PPO) or suspended in a ‘gel’ (PPO- 
Thixcin), is prepared in the sample container. 


3 An interlocking shutter permits the 
measurement to be carried out under normal 
room lighting conditions. 


dl With the addition of cooling to about 
—20°C. either by cold room or deep freeze, 
the background noise is reduced to levels 
which permit efficiency up to 90% for 
Carbon 14 and well above 10% for Tritium 
measurements. 


5 The sample chamber is shielded against 
external radiation by 2.5 cm. of lead. 


Write today for price and delivery 
information on the N612 Scintilla- 
tion Counter above or as part of 
complete low-cost counting system 
using the latest EKCO Scaler or 
Ratemeter. Full technical informa- 
tion will be sent upon receipt of 
your request. 


























Cross-section of the N612 scintillation counter 
showing sample pot in position 
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APPLIED RADIATION 





Arthur D. Little Report Finds... 





Radiation Use Is Small— 
but It Does Have a Future 


Industry can be expected to adopt 
one or two new radiation processes a 
year for the next few years. But radi- 
ation is not now a major processing tool 
and cannot be expected to become on 
for at least five These are 
among sobering conclusions of a report 
by Michael Michaelis and 8. Edward 
Katon of Arthur D. Little Inc. The 
authors presented a summary of the 
study at the recent Cleveland Nuclear 
Congress. 

The study had two sponsors. 
was the CEM group—an association of 
General Aniline and Film, 
Radio and Phonograph, and Revers 


years. 


(one 


Emerson 


Copper and Brass working in the radi- 
ation-development program of the 
AEC’s Office of Isotopes Development. 
The other sponsor was GE’s Hanford 
Atomic Products Operation under con- 
tract to AEC’s Division of Production. 

In NUCLEONICS’ view the report offers 
grounds for both optimism and pessi- 
mism as to the future of process radi- 
ation. infer that radiation 
has been oversold in the past, but the 


One can 
report suggests that a more basic and 
scientific approach to its possibilities 
may recover lost ground and conquer 
new areas. If prospects for drastically 
cheaper radiation become reality, one 





Can OMR's Make C'‘ Compounds Cheaply? 


Quinoline in the coolant-moderator 
channels of an organic-moderated reac- 
tor might produce valuable amounts of 
C™ and C'-labeled compounds, sug- 
gests Richard Stephenson, professor of 
nuclear engineering at the University 
of Connecticut. His ealcula- 
tions show that one might get large 
amounts of low-specific-activity C'- 
labeled compounds at practically no 
Purity 


rough 


increase in operating cost. 
would not be good enough for biological! 
purposes, but the products would b: 
suitable for chemical uses. Moreover 
a gradual shift from quinoline to ter- 
phenyl as moderator would add reac- 
tivity to compensate for fuel burnup. 
The reaction that produces C' is 
N'4(n,p)C™ with a 1.75-barn thermal 
cross section. C'™ with ~40 
kev and labels molecules of its parent 


recoils 


compound and degradation products. 
All you have to do is get N" into the 
moderator. 

Quinoline (C,H;N) appears to be 
the most suitable nitrogenous material 
for mixing with the terphenyl moder- 
ator. Its boiling point is probably high 
enough at 237.7° C. Hydrogen-to- 
carbon ratio is the same and radiation 
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stability is about the same for the two 
compounds. 

OMRE is pressurized to 300 psi, 
which would raise the boiling point to 
values. Moreover it would 
better to use quinoline 
These 
are nitrogeneous bases left after distilla- 
They have 


usable 
probably be 
residues than pure quinoline. 


tion of pure quinoline. 
higher boiling points and are available 
at reasonably low prices. 

Stephenson has made preliminary 
computations for quinoline in the 45.5- 
Mw/(th) 
Piqua, Ohio, by Atomics International. 
Fuel enrichment is 1.8% and fuel-to- 
moderator volume ratio is 0.307. 
Changing from terphenyl to quinoline 
would reduce new-core multiplication 
from 1.106 to 1.041. C'* would be 
produced at the rate of 1 atom for 10 
load 


reactor being designed for 


fissions. If you operate at 80% 
factor and half the time with quinoline 
you will produce 190 curies of C'‘ a year 
with a specific activity of 3 ywe/gm. 
This is to be measured against ~10 
curies per year sold from Oak Ridge at 
the present price of $22,000 per curie 

or several times this if you buy your C™ 


in compounds. 


or more large scale uses will be seriously 


reconsidered for their commercial 


possibilities. 
Present Status 

Two radiation processes are actually 
in commercial These 
Ethicon’s sterilization of sutures and 


use now. are 
irradiation of polyethylene to crosslink 


Mean- 


while a few commercial processes have 


such things as wire insulation. 


been introduced and then dropped as 
uneconomical. In some instances the 
products have been replaced by non- 
irradiated products. irradi- 
ated products that have disappeared 


Among 


are radiation-sterilized eye ointments 
and crosslinked polyethylene bottles 
The bottles and 
cartridges have gone to linear poly- 


and pen cartridges. 


ethylene, produced by conventional 
chemistry. 

Meanwhile there are about 10 proc- 
esses in various advanced development 
stages. Information about some of 
them is hard to get; companies value 
their development secrets too highly 
to talk openly. One product that has 
advanced beyond company secrecy is a 
semipermeable membrane for electro- 
dialysis of water. American Machine 
and Foundry makes it by radiation 
grafting of styrene to polyethylene. 
Further from the market but probably 
moving toward it are other processes 
rather than 


that are in research 


development. 


Pessimism and Optimism 


Radiation has not been the panacea 
that many hoped it would be. Because 
it is nonspecific in most of its actions 
studied so far, it has been hard to find 
will do better than other 


Chemistry and heat produce 


things it 
means. 
free radicals, for example. 

On the other hand there are grounds 
for optimism. Few companies that 
out 


search programs have abandoned them. 


have set on serious radiation-re- 
Industry is currently believed to be in- 
vesting $10-million each year in these 
programs. Faith in technology leads 
one to anticipate that the spenders can 


expect a return. 
Potential Value 


Several things can happen in the 
future to push radiation farther into 
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the area of commercial usefulness. 
More basic knowledge (for example, 
of radiation-reaction mechanisms) and 
lower radiation costs are among factors | | 
that would be beneficial. 

Basic knowledge. So far the phi- 
losophy of many researchers has been 
to irradiate and see what happens. 
The conclusion frequently is that radi- 
ation doesn’t do anything that can’t be 
done better and cheaper otherwise. 
But Michaelis and Eaton note that 





likely to produce more interesting re- 
sults in the future. For example, radi- 
ation produces other excited species 
besides free radicals; means for obtain- 
ing useful effects from them might be 
discovered. There may well be chemi- 
cal or physical additives that will work 
with radiation to produce more inter- 
esting results than radiation alone. 
Much could come from a study of the 
effects of process parameters like tem- 
perature and pressure. 

Hopefully one can look for higher 
G-values than have been obtained so 
far. These might come from optimized 
control of radiation-initiated chain re- | 
actions in which radiation can be made 
to act more specifically and more 
efficiently. 

Lower costs. At present one can 
estimate the total cost of radiation 
(including purchase of source, installa- 
tion, operation, maintenance, depreci- 
ation and return on investment) at 
$2-10/kwh of radiation output. The 
lower figure applies to 30-kw installa- 
tions; the higher to 3-kw ones. Accel- 
erators show a slight cost advantage 
over nuclides. In this size range fur- 
ther cost reductions can be expected 
through improved design and engi- 
neering for accelerators and _ better 
shielding and handling techniques for 
radionuclides. 

Probably the largest possible cost 
reduction is in operator time for aceler- 
ators. Salaries for skilled operators 
presently represent the major cost for 
these installations. Large cost reduc- 
tion can come from improved reliability 
that would permit an accelerator to 
operate with a minimum of attention. 

For very large accelerators or reactor 
radiation sources (in the order of hun- 
dreds of kilowatts) radiation costs in 
the range of 10 cents/kwh appear possi- 
ble. This suggests that possible uses 
in some large-volume processes like 
rubber vulcanization and petroleum re- 
fining might meet economics quite 
different from the ones that apply 
now, 


Vol. 17, No. 6 - June, 1959 


‘4 ‘. 
more precisely directed research is | 
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| Nominal energy] Nominal power \ be 
3-Mev 6 kilowatts 
5-Mev 5 kilowatts 
7-Mev 4 kilowatts 


3 kilowatts 























Guaranteed to meet or exceed specifications, 
these accelerators are conservatively rated 
for long industrial life. 


The performance ratings of the linac models 
shown above are obtained from the same basic unit 
through the use of one of four interchangeable 
microwave acceleration tubes. 

To meet power and penetration requirements 
of the future, the appropriate acceleration tube 
can be installed at nominal cost. 

Installation time and cost are minimized 
in this design. Cost per kilowatt is the lowest in the 
microwave linear accelerator field. 

Inquire about HIGH VOLTAGE linacs, now in use 
for production sterilization on a two-shift basis. 

*Write our Technical Sales Department for further information 
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PORTABLE 
RADIATION 
METER 


SCIENTA CRM-8 


An instrument finding extensive use parti- 
cularly in nuclear research stations, labora- 
tories, for civil defence, fire brigades etc 
FOR DETECTION AND MEASURING OF 
RADIO ACTIVITY. 

A Geiger-Miller tube serves as radiation 
detector. The detector impulses are shown 
on the dial of a moving coil instrument in 
mr/h. Electronic components, including tran- 
sistors and a rectifier, generate the neces- 
sary high tension direct from ordinary torch 
batteries, and therefore no special! batteries 
are required. 

The instrument has two measuring ranges — 
0—5 mr/h and 0—50 mr/h. 

The CRM-8 is of a robust design, completely 
watertight, shockproof, and easy to handle 
The batteries are longlasting. 


Dimensions: 
258 X 155X119 mm 


Weight: 
(incl. batteries) 
3.4 kilograms 


AKTIEBOLAGET 


S5cienta 


Box 366 - GOTHENBURG 1, SWEDEN 
Telephone 23 93 11 


Specialists in electronic instruments 
and automation. 


Agents wanted for certain regions 
Please send for descriptive pamphiet 


Low-Level Neutron Dosimetry 
with Sensitive Foil Methods 


By PAUL KRUGER 


Nuclear Science and Engineering Corp., Pittsburgh, Pennsylvania 


Foil dosimetry techniques have been 
developed for small neutron fluxes. 
They were intended especially for meas- 
uring neutron levels in spent-fuel food- 
irradiation facilities and have been used 
in several of them (1). The techniques 
are generally applicable for all neutron 
fluxes between 0.5 and 104 n/cm?/sec. 

Neutron fluxes can be measured in 
several ways (2). A convenient and 
simple one is foil activation (3). Neu- 
trons are allowed to interact with mate- 
rials of known cross sections, and the 
flux is determined by measurement of 
induced radioactivities. This tech- 
nique is widely used in nuclear reactors 
and critical facilities where neutron 
fluxes range from 10° to 10'4 n/cm?/sec. 
To measure smaller fluxes such as those 
found in gamma irradiation facilities or 
outside reactor shielding, special foil 
techniques and counting methods are 
required. 


Origin of Neutrons 


In gamma facilities where fission 
products are the source of radiation, 
neutron production is expected from 


y,n reactions. This is particularly 


true of freshly discharged fuel elements 
in which 12.8-day Ba'* has not had 
time to decay. 

Most neutrons are expected from the 
action of La!’ photons on deuterium. 
La'® is the short-lived daughter in 
equilibrium with Ba'”. Deuterium is 
present as 0.015% of the hydrogen in 
the water in which most spent-fuel ele- 
ments are immersed for shielding. 

About 4% of the La'*® disintegra- 
tions produce 2.5-Mev photons. These 
produce 150-kev photoneutrons as they 
Threshold 
La!*° is the 


only major fission product during spent 


interact with deuterium. 


for the reaction is 2.2 Mev. 


fuel use with photon energy greater 
than this threshold. Since La! is in 
equilibrium with its parent Ba", the 
neutron flux is expected to have an 
apparent half-life of 12.8 days. 

The Argonne National Laboratory 
gamma facility has reported a back- 
ground of ~10* n/cm?/sec (4). The 
value for the neutron background at 
the Materials Testing Reactor gamma 
facility has been given as ~10‘ n/cm? 
sec (5). At the Proving 


Grounds facility fuel elements are not 


Dugway 











TABLE 1—Properties of Detector Foils 





In Au 


Neutron energy 
Activation reaction n,Y ny 
Resonance energy (ev) 1.46 4.9 
Effective threshold 

(Mev) — - 
Isotope produced In26™ Au! 

(half-life) 54m 2.7d 
Beta energy (Mev) 1.0 1.0 
Beta range (g/cm?*) 0,4 0.4 
Foil thickness (mil) 5.4 2.0 


Dy 


Thermal and Resonance*—> 


n,7 


Dy?* 

139 m 

1.25 

0.< 

7 100 


* Resonance measurements are made with indium and gold foils in cadmium covers. 
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TABLE 2—Neutron Fluxes (n/cm?/sec) in Gamma Facilities 





Thermal flux 


Epithermal flux Fast flux 





Irradiation 


Facility dates (1957) In Dy Au 


Argonne National Laboratory 
Standard reactor 
Aug. 6 2,444 + 10%T 
Spent fuel elements in water 
Aug. 6-8 168 172 160 
Dugway Proving Grounds 
Co® source Aug. 13-15 <1 
Spent fuel elements in air 
Aug. 14-16 4.1 


<0.5 <6 


9.9 
Materials Testing Reactor 


Spent fuel elements in water 
Aug. 18-20 1,680 1,300 


* 
+ 
+ 
+ 


than 2 cpm. 


Theoretical value for 1/Z spectrum is 3.3. 
R. Ringo, Argonne National Laboratory, private communication. 
Upper limits of fluxes are based on activated foils for which counting rate was less 


Average In Au Ratio*® P Al 


167 <15t 


<0. <0.04 <0.1 — <100 <15 


7 0.5 <100 <15 


1,310 1,400 + 1.7 <100 <15 





immersed in water (6). The thermal- 
neutron flux should be too small to 
measure—less than 0.5 n/em?/sec. 

The La'*® photoneutron production 
rate (n/em*/sec) in ordinary water can 
be calculated as g = noF. Here n = 
number of deuterons per cubic centi- 
meter of (= 1.0 X 10"), ¢ = 
cross section for the y,n reaction of 
2.5-Mev La'* photons with deuterium 
= 13 X 10-** em?) (7), and F = flux 
of 2.5-Mev photons (photons/cm?/sec). 
Thus, 


water 


q = 1.3 X 10-°F 


The thermal-neutron flux produced 
by a uniform gamma flux in a large vol- 
ume of water can also be computed. 
‘Large’? means that dimensions are 
large compared with the slowing-down 
length of the photoneutrons. 

At equilibrium the loss of neutrons 
through thermal absorption by the 
moderating medium is equal to 
the production rate. Thus q = @u2, 
where o, = thermal-neutron flux 
(n/em?/sec), 2, = macroscopic absorp- 
tion cross section (= 0.017 em™') (8). 
Thus, 


gu = 7.6 X 10°F 


A review of the assumptions helps to 
estimate the usefulness of these equa- 
tions. It was assumed that (a) the 
fast-neutron flux results from a uniform 
gamma field, (6) the neutrons are ther- 
malized in a large volume of water, (c) 
the resulting thermal-neutron flux is 
uniform and (d) the neutron multipli- 
cation is negligible. 
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Calculations of gamma fluxes have | 


been made with data for MTR fuel ele- 
ments given elsewhere (9). A fuel ele- 
ment that has reached saturation for 
Ba! will, on removal from the reactor, 
have a field of 2.5-Mev gamma radi- 
ation given approximately by the ex- 
pression F(r) = 4.9 XK 10%~®-048" /r?, 
F(r) is the flux of 2.5-Mev gamma 
photons at a distance r from the surface 
of the fuel elements (r > 1.5 em). 
Apparently assumption a of uniform 
gamma flux is not entirely valid since 
the flux falls off with increasing r. 
However, the volume can be computed 


for which photoneutron production is | 


within 0.1% of the flux at the fuel-ele- 
ment surface by letting e~°-°*/r? = 
0.001. The value for ris approximately 
20 cm or 8 in. Since the irradiation 
center at ANL is about 5 in. from the 


fuel-rod center (4) and the irradiation | 


center is within an array of rods, as- 
sumption a can be considered adequate 
for this configuration. Since the range 
for neutron production is roughly 20 
em, and the slowing-down length is 
~5.74 cm (10), assumptions 6 and c 
concerning water volume and uniform- 
ity of thermal flux can be considered 
valid. Assumption d concerning neu- 


tron multiplication is also valid since | 


the cadmium lining absorbs most of the 
thermal neutrons near the fuel elements. 
A simple calculation of thermal flux 
in the ANL facility gives a value that 
is not inconsistent with the reported 
value of ~10* n/cm?/sec. 
A test of whether the neutrons result 
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need 
high vacuum 
components ? 


Stokes Series H Microvacs were de- 
signed by vacuum specialists . . . arc 
industry engineered to meet your 
needs ... give you more pumping ca- 
pacity per dollar. The integral construc- 
tion includes dynamic balancing, 
valves, motor, belt guard, and avto- 
matic lubrication—there are no extras 
to buy. A complete line of Microvacs 
include capacities from 17 to 500 cfm. 
For fast, efficient pump-down— you 
can depend on Stokes Microvac Series 
H Pumps. 
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es 


Bhiaas makes a complete line 
of vacuum components. . . ad- 
vance-designed and engineered 
to help make your vacuum sys- 
tems more productive. Each 
unit reflects Stokes’ unparalleled 
experience, pioneering leader- 
ship and wealth of basic vacuum 
technology. 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
Vacuum Gages, and Valves. 


Send for technical data on any 
or all... without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5565 Tabor Road, Phila. 20, Pa. 








WINDOWS 
WINDOWS 
EVERYWHERE 


at this Atomic Lab 


...all of them came from Corning 


The heart of the Radioactive Materials 
Laboratory at General Electric’s Val- 
lecitos installation has four “hot cells,” 
each equipped with three work sta- 
tions. Three-foot-thick, high-density 
concrete walls frame a series of Corn- 
ing windows. 

Corning windows not only shield 
against radiation, they give the work- 
ers exceptional optical clarity. These 
windows won't brown, ever. 

And you get packaged service. You 


“f 


CORNING MEANS 


RES 


tell us your energy level, wall thick- 
ness, and desired viewing area. We do 
the rest, submit plans for a window 


that’s made from one or a combina- | 


tion of three special Corning glasses. 
Once you've okayed the proposal, 
that’s it. You get a completely assem- 
bled window, ready to be installed. 

Get all the pertinent facts. Write to 
Plant Equipment Sales Department, 
Corning Glass Works, 16 Crystal 
Street, Corning, N. Y. 


CORNING GLASS WORKS 


EARCH IN GLASS 


| 1.6 Mev. 
| with photon energies between 1.6 and 


| as 


| foils were used when a supplier failed to 
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from the D(y,n)H reaction with La'* 
photons can be made by observing 
indeed a 12.8-day half-life 
exists. This requires dosimetry meas- 
urements taken over a period of time. 

A longer neutron half-life should re- 
sult if beryllium is present. The photo- 
neutron threshold would be lowered to 


whether 


As a result fission products 


2.2 Mev would contribute to the neu- 
Many of these have 
Thus half- 
life of the neutron flux would become 
intermediate between the 12.8 days of 
Ba!’ and the effective half-life for the 
total gamma dose rate. 


tron production. 
longer half-lives than Ba!”. 


Dosimeter Foils 


Foils were designed to measure the 
three general neutron-energy ranges: 
thermal, epithermal or resonance, and 
fast. 

Since the neutrons produced ingamma 
facilities have energies less than 150 
kev, attention was focused on thermal 
resonance-energy neutrons. In- 
dium, gold and dysprosium-oxide foils 


and 
were used for these regions. To show 
the fast-neutron flux was too small to 
measure, phosphorus and aluminum 
foils were used. Characteristics of all 
of these foils are shown in Table 1. 
Dysprosium has no prominent acti- 
vation peaks for resonance neutrons. 
Thus it is an excellent monitor for ther- 
mal neutrons. With the cadmium- 
ratio technique indium and gold foils 
give measurements of thermal and reso- 
nance-energy flux. In 
respective induced half-lives indium is 


view of their 


| useful for flux measurements of irradi- 


ations of up to ~2 hr, and gold for 
longer irradiations up to ~5 days 
They can be irradiated to saturation to 
increase sensitivity if no appreciable 
variations in flux occur during the 
irradiation. 

Indium and gold were both procured 
metallic foils. Dysprosium-oxide 


produce aluminum-flashed metallic dys- 


prosium foils in time for the measure- 


ments. Cadmium covers were used for 
resonance-energy irradiations. 

All the foils were 1 in. in diameter to 
standardize counting geometry. The 
induced beta energy in all three foils is 
approximately the same (Table 1). 
Thus it is possible to make the self-ab- 
sorption correction nearly the same for 
all three kinds by using a constant ab- 
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OVERLAP 


DECADES 
OVERLAP 
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POWER 


A TALENT FOR 
NUCLEAR 
CONTROL SYSTEMS 


IN USE TODAY 

100% transistorized for maximum safety 

and reliability 

Achieving, with Solid State Design, an overlap of 
two decades in power and intermediate ranges— 
two decades of overlap in intermediate 

and source ranges as illustrated. 


CURRENT PROJECTS 
FOR REACTOR CONTROL— 


Marine Power Plants 

Portable Power Installations 

Commercial Power Stations. 

Complete, fully detailed literature available 
on request. Write to the address below. 


Engineers with experience in solid state 
electronics who wish to join this expanding 
program may contact Manager 

of Technical Personnel. 


STROMBERG-CARLSON DIVISION OF 
GENERAL DYNAMICS CORPORATION 


1496 NORTH GOODMAN STREET * ROCHESTER 3, NEW YORK 


SC |GD 
2c |e@ 
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FISSION PRODUCTS 
NOW AVAILABLE 


For the first time, kilocurie quantities of 
long-lived radioactive fission products 
are available for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora- 
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 


@ Cerium-144 

@ Cesium-137 

@ Promethium-147 
@ Strontium-90 

@ Technetium-99 


As the nation’s principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in- 
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail- 
able. Whatever your needs, we are 
ready to help you. Write to: Isotopes 
Division, Oak Ridge National Labora- 
tory, P.O. Box X, Oak Ridge, Tennessee. 
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sorption thickness. A thickness of 100 
mg/cm? was chosen; corresponding 
thicknesses for the foils are 5.4 mil for 
|} indium, 2.0 mil for gold and 7.0 mil for 
dysprosium oxide. 

To give stability to the foils and 
allow either beta or gamma counting, 
the foils are encased in aluminum 
holders. The thick side of the case, 
through which gamma rays are counted, 
is 3g in., the range of a 1-Mev beta 
particle. The thin side of the case, 
through which beta particles are 
counted, is a 1-mil aluminum foil that 
keeps the foil in a fixed geometry. 

Foils of phosphorus and aluminum 
used as threshold detectors to 
show the absence of fast neutrons. The 
foils were 1.5 in. in diameter to fit the 
same counting arrangement the 
aluminum-cased foils for thermal and 
resonance measurements. The use of 
such foils as dosimeters for low-level 
fast-neutron fluxes will be covered in a 
subsequent paper. 


were 





as 


Measurements 


Measurements were made by foil | 


activation at several spent-fuel facili- 
ties. 
formed for the U. S. Army Quarter- 
master Corps’s Food and Container 
Institute to study the neutron problems 
associated with food sterilization (1). 
Maximum sensitivities of the low-level 
neutron dosimeters were calculated for 
activation measurements at the Dug- 
way Proving Grounds large Co source 
(11). Since the Co photon energy is 
below the threshold for neutron produc- 
tion in deuterium, no measurable activ- 
ity was expected. Values of minimum 
detectable neutron fluxes are calculated 
from the minimum detection level of 
the foils. 

For irradiations the foils were con- 
tained in sealed cans similar in size to 
the cans of food being irradiated. At 
| Dugway, where the fuel elements are in 
air, water and organic wrapping were 
added to the cans containing the foils 
to simulate atomic of 
foods. 

Irradiations and measurements were 
made at the following facilities: the 


composition 


fuel facility, the Argonne Standard Re- 
actor (sigma pile) for foil calibration, 





the Dugway Proving Grounds spent-| 


fuel facility, and the Materials Testing 
Reactor spent-fuel facility. 
Cans were placed in the facilities for 


They were part of a program per- | 


| costs 


Argonne National Laboratory spent- 


thermocouple 
extension 
wire in 


MULAMPAIR CABLE 


it 
cuts 


WZ installation 


When four or more pairs of thermocouple 
extension wires are needed, SERV-RITE 
thermocouple extension cable will reduce 
installation costs several ways. It takes 
considerably less time compared to pull- 
ing individual pairs of wires through 
conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, or installed in 
open trough or by direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification. 

Cables with multiple pairs of four or 
more conductors of the commonly used 
types are carried in stock. 


Write for Bulletin No. 1200-3 
for specifications and data on SERV-RITE 
thermocouple extension cables. 


CLAUD S. GORDON CO. 


Manufacturers ¢ Engineers @ Distributors 


619 West 30th Street, Chicage 16, Iinois 
2015 Hamilton Ave., Cleveland 14, Ohio 
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whatever <n 
your : 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — — — and any type of 
technical literature 


use our speciglists in ——— 
WRITING... EDITING 
ILLUSTRATING . .. PRINTING 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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before KIWI becomes a rover 


Project Rover is aimed at developing a nuclear-powered rocket engine that 
will result in man’s conquest of intergalactic space. Kiwi-A is its first land- 
based test reactor, named for the flightless New Zealand bird. 

. Before Kiwi becomes a space rover, an immense amount of test infor- 
mation will be needed. Edgerton, Germeshausen & Grier, Inc., is cooperating 
with the AEC, NASA and Los Alamos Scientific Laboratory in collection 
of this vital data. 

For Project Rover, EG&G has designed, built and is now operating 
an 800-channel control and instrumentation system yielding diagnostic 
information for designers of tomorrow’s spacecraft. 

Thus, Edgerton, Germeshausen & Grier, Inc. again is applying its 
unique operating, design and manufacturing experience to help advance 
the nation’s nuclear weapon, missile and space programs. 


Scientific and engineering positions, in physics and electromics are available. Additional information will be furnished upon request 
EDGERTON, GERMESHAUSEN & GRIER, INC. 


160 BROOKLINE AVENUE, BOSTON 15, MASS. * 1622 SOUTH “A” STREET, LAS VEGAS, NEV. 
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HEAVY DulY§S QO DECO 


ti ceininisen am saw ed 


ELECTRIC IMPULSE 
COUNTERS 


FOR: 


ADDING 
SUBTRACTING 
PREDETERMINING 
TOTALIZING 


For AC and DC 


You can get a SODECO Ti series counter to handle your specific heavy duty 
electric impulse counting problem. Here are just five typical examples: 
(1) Type TiZ5P1E—5 digit predetermining counter with manual push 
button reset. 
(2) Type TiF5P1E 
(3) Type TiZ4RPIE 
with manual reset 
(4) Type TiF4RcE—adding 
reset and contract at zero 
(5) Type TiZ5SE—for totalization of two circuits, with manual zero reset. 
Counters operate at 10 imp/sec and are supplied for flush panel mounting or surface 
mounting. Over-all dimensions are 5% 5k, \”. Various auxiliary contacts are avail- 
able, for example 
Periodical Contacts 
or 1,000th impulse 
Reset Contacts—opcrated at 
or a combination of both with 4 terminals 


LANDIS & GYR, inc. 


45 West 45th Street, New York 36, New York 


5 digit predetermining counter with electric reset. 
adding and subtracting predetermining counter 
counter with electric zero 


and subtracting 


to be operated at the 2nd, 5th, 10th, 20th, 50th, 100th, 200th, 500th 


reset either one normally open contact or one normally closed 


Detailed information 
is available 
Write for bulletin 


“= 


ADVANTAGES: 

Optical grade zinc bro- 

mide solution has a density 

of 2.52 and possesses exceptional 

clarity. It complies with current Ar- 

gonne National Laboratory specifications. 

Stability is excellent at normal radiation levels, 

and the pH can be easily adjusted, if necessary. Econ- 

omy is a prime advantage: the initial cost of liquid viewing 

windows is a fraction of that for solid windows, Fabricated liquid 

windows are readily available. Write, wire or call Saint Louis, Mich. 

4511 for further information. Your inquiry will receive prompt attention. 

For complete listing of Michigan Chemical products, see your copy of C-58-10 
Chemical Materials Catalog or Chemical Week Buyers Guide 


MICHIGAN CHEMICAL CORPORATION 


629 North Bankson St., Saint Louis, Michigan 


EASTERN SALES OFFICE: 230 Park Avenue, New York 17, N.Y. 
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overnight irradiation and exposed in 
each case to a gamma dose greater than 
that required for sterilization. On re- 
the facilities were 
opened and radioactivity 
ments (half-life and beta energy, where 
possible) were made of the activated 
foils. 

For absolute flux measurements, foils 
were irradiated in a known thermal flux 
at the Standard Reactor. To relate 
fluxes measured at various facilities, all 


moval from cans 


measure- 


radioactivity measurements were made 
under fixed counting conditions. A 
portable low-background (10 epm) end- 


Bé'(%,n) Be® neutrons 
5} Ty.7 14.2 days 
(Ey >1.6 Mev) 


sec) 


2 


3F 


3 


hermo! Flux (lO0°n/cm 


73| Ty? 12.8 days 
(Ey >2.2 Mev) 


Gamma Dose Rate (10*r/min) 


02} 
tase : «© 
Time (weeks) 

DECAY RATES for gamma and neutron 
fluxes at ANL confirm hypothesis that 
neutrons come from deuterium in water 
and La'*® photons. Addition of beryl- 
lium permits lower-energy photons to 
release neutrons 


methane-flow 
counter with associated shielding, elec- 


window, proportional 
tronics and gas supply went to each site 
to supply fixed counting conditions. 
To measure apparent neutron-flux 
half-life, gold foils were irradiated over 
Two 


positions in one irradiation urn were 


a period of six weeks at ANL. 
used. In one position gold foils were 
irradiated in water; in the second, a 
lower-intensity field was used to irradi- 
ate gold foils sandwiched between beryl- 
lium wafers. To ensure meaningful re- 
sults, the irradiations were performed 
over a period when the fuel-element 
array was kept constant. Thus there 
was no fear of effects from varying 
several parameters on which induced 
activity depends: (1) the amount of 
deuterium (2) the neutron 
moderation of the beryllium, and (3) 


present, 


burnup and age of the fuel elements. 
Overnight irradiations of gold foils 
were made once a week for six weeks, 
and on the succeeding nights cadmium- 
irradiated in the 
cadmium 


foils were 


positions to 
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One of a battery of 
stainless steel test loops 
fabricated at Pittsburgh 
Piping. Shown insu- 
lated; ready for ship- 
ment. 


Stainless steel de- 
mineralizers—larger 
unit is 14” in diameter; 
its wall thickness is 
14’. 


Fabricated by Pittsburgh Piping 
for Nucleonics 


The stainless steel test loop and the de-mineral- 
izers shown above are typical of the nucleonic 
piping work that goes through Pittsburgh 
Piping shops. 


This type of fabrication is a “natural” for us. 
We pioneered the application of austenitic 
steel piping materials for central stations 


operating at 1050°F and above, and fabricated 
piping for America’s first atomic-powered sub- 
marine and central station. Today we are 
producing a wide variety of piping components 
for leading builders of nuclear energy installa- 
tions. We invite you to inspect our plant, meet 
our people, and use our facilities on your 
nucleonic jobs. 


PIONEER FABRICATOR OF HIGH PRESSURE PIiPiIng FOR 4S t EON tS © 


i. i , 
ee ati ete, 





Canada: CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET — TORONTO, ONTARIO 
Atlanta... .. Whitehead Building Cleveland... .Public Square Building New York. . Woolworth Building 
Chicago. ° ‘Peoples Gas Building New Orleans seeeoes P. O. Box 74 
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Source for 
Standard and Special 
Multiplier Phototubes 


27 years experience in the design 
and manufacture of electron tubes—a 
pioneer in developments of multiplier 
phototubes, A standard line of avail 
able multiplier phototubes, plus more 
than 150 special-purpose multiplier 
phototubes—originated at Du Mont 

is evidence of our capabilities. Du 
Mont offers its extensive engineering 
the 


the 


and production facilities to 


nuclear scientist to satisfy 


multiplier photo tube requirements of 


the unusual, or different applications. 
a 


Write for information on the latest 
engineering concepts in 
. Integral Potted Voltage Dividers 
. Special Photocathodes 
Bac kground 


Radioactive 


. Low 
Tubes 


. Neutron Detectors 


. Special Secondary Emitting Ma 
terials 


3. “Solar Blind” Tubes 
. Low Dark Current Tubes 


. Mass Spectrometer Multiplier 


Structures 


oU Mon 


Electronic Tube Division 
Allen B. Du Mont Laboratories, Inc. 
750 Bloomfield Ave., Clifton, N. J. 


International Division 
515 Madison Ave., New York 22, N.Y. 
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ratios. After the irradiations gold 
foils were shipped to Pittsburgh by air 
for immediate measurement of the 
2.70-day Au! activity with low-back- 
ground counters. Thermal-neutron 
fluxes from moderated neutrons pro- 


duced at thresholds of 2.2 Mev and 1.6 | 


Mev were measured as functions of 


time. 


Results 


Table 2 presents the data obtained 
at several gamma facilities. The ther- 
mal-neutron fluxes were calculated from 
the known thermal flux of the ANL 
Standard Reactor where the foil cali- 
brations were performed. Cadmium 
ratios were obtained in each facility, 
and the thermal-neutron flux was cal- 
culated. Epithermal fluxes were calcu- 
lated from cadmium-covered saturation 
activities, cadmium ratios, 
stants given for indium and gold in 
Table 1. No activity was observed in 
foils used for fast neutrons. Upper 
limits for fast flux are assigned on the 
basis of a minimum detectable counting 
rate of 2 cpm. The limits are 100 
n/em?/sec above Mev and 15 
n/em*/sec above 8.1 Mev. The upper 
limit for irradiation with Co®, in which 
photoneutrons are not expected, is 0.5 
n/em?/sec from with 
dysprosium-oxide foils. 

Absolute uncertainties are difficult to 
assign to the values given in Table 2. 
For total-flux measurements, at 
two foils of each element were used. 
| For epithermal measurements, one, two 
or three foils of each element were en- 
cased in the cadmium shields and irradi- 
ated simultaneously. The saturation 
specific activity of the foils of each ele- 
ment generally agreed within5%. The 
uncertainty of the thermal flux in the 
ANL Standard Reactor was given as 
+10% (12). The spread in the meas- 
|ured thermal fluxes ranged from 5 to 
143%, the higher value for the lowest 
measured thermal-neutron flux, 7 + 3 
apart trom 


and con- 


2.5 


measurements 


least 


n/em?/sec. In general, 
uncertainties from self-shielding of the 
| foils, the fluxes are considered to have 
| uncertainties of the order of +30%. 
The epithermal fluxes have rather 
large uncertainties since measured ac- 
tivities in most cases were relatively 
low—ranging from 4to 400 cpm. The 
ratios of the fluxes at the resonance 
energies were compared with the ratio 
expected withal/Espectrum. Within 
the uncertainties of the measurements, 
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Now! 
CUMULATIVE 
REPORTING 

available with 
LANDAUER 

FILM BADGE 
SERVICES 


The Landauer film badge 
services now offer full compre- 
hensive reporting. For each 
badge, routine reports will list 
the code number, name (op- 
tional), present dosage, sum of 
dosage Satin latest 13 con- 
secutive weeks, and sum of 
dosage to date for year. 

This new reporting feature 
follows the established policy 
of R. S. Landauer, Jr. & Com- 
pany to provide the finest serv- 
ice possible and to meet the 
highest professional standards. 
Landauer film badge services 
are used by leading universi- 
ties and research laboratories 
throughout the world. 

Some additional features of 
Landauer’s film badge services 
are: convenient quick change 
film badges eliminating the 
need for returning the entire 
badge wrist and ring type 
badges for special uses one 
to two day reporting (even for 
neutron badges) use of 
the most advanced film emul- 
sion and special techniques to 
provide measurement of the 
broadest possible range of radia- 
tion, widest quantitative cover- 
age and lowest detection limits. 
Maximum legal security is as- 
sured by the unexcelled pro- 
fessional qualifications, ex- 

erience val facilities of R. S. 
pons esc Jr. & Company. 

Write today for full informa- 
tion regarding the Landauer 
film badge services. Particulars 
on beta-gamma X-ray monitor- 
ing and combination neutron/ 
beta-gamma monitoring for 
your specific needs will be 
promptly furnished. 


R. S. LANDAUER, JR. & COMPANY 
3920—-216th Street 
Matteson, Illinois 
Pilgrim 6-7900 
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APPLIED RADIATION 


This article starts on page 116 


] 4 M i V | = a the resonance spectra in the Standard 
®. i Reactor, the ANL gamma facility and 
3 a at | a . H 


the MTR gamma facility are consistent 


= wate with a 1/E spectrum. 
N E U T 4 0 N : Since the energy of neutrons from 
ce pres La'* photons and deuterium is only 150 
Sey p kev, neutrons are not expected above 
S 0 U E C F , 7 i this energy. Although upper limits for 
ha — " fast fluxes are given as 100 and 15 
Se re ae n/cm?/sec for effective threshold ener- 
gies of 2.5 and 8.1 Mev, respectively, 
FIELDS OF APPLICATION The NT-60-8 Pulsed Neutron Generator Assembly ~t  oar ec aD en haa * 


Zero-power reactor reactivity be entirely negligible—less than 1 
measurements. SPECIFICATIONS ; 

Neutron detection techniques 

Demonstrations and experiments with acti- Output 107 neutron/pulse - ndmin Apparent thermal-flux half-lives were 


% determined and compared with the half- 


n/cm?*/sec. 


vation and recoil proton detectors Pulse Length 5 roseconds 

Neutron spectroscopy. Pulse Rate Adjustable - | 0 pu 7 wit 
Capture studies. Neutron Energy = |4.3 MEV - H? (d, n) He* reaction life of the total gamma radiation. The 
Neutron thermalization. Target Position from lower end elerator | . ; 
Neutron Irradiation Effects. package data are shown in the figure on page 
T-D Reaction Cross-section studies, ute a 122. Thermal neutrons produced by 
Radiation photons of energy greater than 2.2 Mey 
Distribution trop ° as r op sa te 

show a distinct half-life of 12.8 days, as 


whee 
| Edi mclamprndlr antl Anetta 9 ges 
Dimensions Accelerator Unit — 4° OD hypothesized. Except for one meas- 


Aircraft Corporation So x x 101/; ge. pats 
Weights Accelerator Unit — 20 |b urement the accuracy is within +2%, 
% NUCLEAR DIVISION 9 menteel thait 70 the 


For further informat 


which is the spread in the cadmium 


COLORADO SPRINGS , COLORADO Delivery 120 days from acceptance of Jer TI 
ie 


ratios. one measurement that 


t in the fields of mathematics and deviates from the 12.8-day half-life has 
nany Guanes poreme. a cadmium ratio of 3.3, 10% different 
from the other cadmium ratios of 3.6. 
The thermal neutrons produced by 
photons of energy greater than 1.6 Mey 





also show a distinct half-life—14.2 days 
over the six-week period. This 
3 ; shows that a large fraction of the neu- 
days of technical S€SSiOns On all aspects tron production results from 2.5-Me\ 

La'*® photons with smaller contribu- 
of the uses of radiation and isotopes— tions from longer-lived fission products 
that have photon energies >1.6 Mey. 
recent developments in: The total gamma dose rate exhibits the 
expected decay over this time period 
having an initial slope corresponding to 
a 20-day half-life and a final slope cor- 


RADIATION EFFECTS responding to a 40-day half-life. 
SOU RCFE DESIGN piensa sence aay bap a “ged 


day half-life, fluxes given in Table 2 are 


NUCLEAR INSTRU MENTATION actual fluxes only during the period of 


measurement. The neutron flux pat- 


ACTIVATION ANALYSIS tern will vary with burnup of fuel ele- 


ments (until the Ba'* reaches satura- 


ISOTOPE PRODUCTION tion), the length of time since the fuel 
element has left the operating reactor, 
TRACER STU DIES ; and the distribution and relative age of 

, the fuel elements in the array. These 
RADIATION PROCESS| NG fluxes generally should be used only as 
order-of-magnitude values for each 
facility. The thermal-neutron flux can 
at the Third Industrial Nuclear Technology Conference be conveniently measured at any time 
with the techniques given in this paper. 


Morrison Hotel, Chicago, September 22-24 
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Westinghouse 
MAGNETIC 
ROD DRIVES 


New Westinghouse “Canned” Contro| Rod Drive Mechanism for 
high-temperature, high-pressure water-cooled reactors— 
uses a magnetic step-motion principle to move a control 
rod within a hermetically sealed system. 


Advantages of this extremely safe, reliable system are: 


Zero Leakage—“‘Canned” construction encloses all moving 
parts within a pressure boundary. 

Low Maintenance— Magnetic principle eliminates radioactive 
shaft seals and auxiliary equipment for buffer and shaft 
seal fluid injection. Magnet coils can be removed and re- 
placed easily without breaking the hermetic seal. 


Maximum Control Reliability Excessive reactivity increase due 
to overspeed rod withdrawal is impossible with digital step 
and repeat mechanism. “Fail-safe’’ scram is assured. The 
gripper must be continuously excited to hold control rod 
in withdrawn position. 

Maximum Scram Reliability—No mechanical drive mechanism 
or locks to interfere with gravity scram actuation. 


Proved Long Life—Simple magnetic jack with low unit load- 
ings and absence of close fitting parts shows negligible 
wear after thousands of excursions. 


No water cooling required. 

Operable in systems up to 2500 psi, 600° F. 

Lifting ability; rate of travel; length of travel; increment 
of movement; mounting location—are some of the key 
design parameters easily varied to meet the specific re- 
quirements of your system. 


WESTINGHOUSE PRIMARY SYSTEM EQUIPMENT 


“Canned’”’ motor-pumps 
for water, slurry and liquid metal reactors; 
Hermetically sealed blowers for gas-cooled reactors; 
Main stop gate valves—hydraulic or electric drive; 
Check valves—center-guided or swing type; 
“Canned” control rod drive mechanisms. 
Westinghouse leadership in all phases of atomic power 
gives you an unparalleled source of fully qualified products 
and advanced engineering assistance. 
Call your local Westinghouse sales engineer or write: 
Westinghouse Electric Corporation, Atomic Equipment 
Department, P.O. Box 217, Cheswick, Pennsylvania. J-57020 
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Bausch & Lomb 
REMOTE CONTROL 


Stereomicroscope 


© Sharp 3-D views of standard 
laboratory instrument quality 


e@ 5x7” stereo camera 
@ %X to 30X magnification 


© Non-browning optics 





Bausch & Lomb 
REMOTE CONTROL 
Metallograph 


@ Direct views or photography, by 
bright field or polarized light 
© 25X to 2000X magnification 


© Non-browning optics 
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Write for Manual D-287, containing speci- 
fications, technical data and photographs. 
Bausch & Lomb Optical Co., 85042 St. Paul 
Street, Rochester 2, New York. 


HOT: 
CELLS 


Bausch & Lomb gives you two safe 
new ways to see and photograph 
radioactive materials. 



















APPLIED RADIATION 


This article starts on page 116 


throughout the course of this program and the 
assistance of Charles Stanley of NSEC in 


making the measurements. 
is also given to Miss Gladys Swope, 
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and G. R. Archibald, MTR; and their respec- 
tive staffs, for their kind assistance in making 
the several irradiations possible. 


This paper reports research undertaken in 


cooperation with the Quartermaster Food and 


Container 
Quartermaster 
Command, U. 8S. 


Institute for the Armed Forces 
Research and Engineering 
Army, and has been as- 


signed #955 in the series of papers approved 


for 
contained in 
author. 
necessarily reflecting the 


views or conclusions 
those of the 
construed as 
endorse- 


publication. The 
this report are 
They are not to be 


views or 


ments of the Department of Defense. 
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Third Industrial 
Nuclear Technology 
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Chicago, Illinois 
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Armour Research Foundation 
and NUCLEONICS 


Subject: 
Nonpower uses of nuclear 
technology in industry 





June, 1959 - NUCLEONICS 





oo ae moe om a stree an we a or wp seer tana ie iin tetaiailliii ai 
N O W . « e LOW COST NEUTRON GENERATORS 
| IN UNITS UP TO 10'° NEUTRONS/SEC. 


—— A A A A A LS 





ag? = on oe oe ee aR 








A.E.C. FUNDS NOW AVAILABLE FOR NUCLEAR 
TRAINING AT COLLEGE OR UNIVERSITY LEVEL: 
the new training program allows colleges and universi- 
ties to purchase such units as the Texas Nuclear 
Neutron Generator with federal funds. In addition 
T.N.C, has available its own curriculum and experi- 
— designed for use with the unit. Write for full 
etails. 


FACTS AND FIGURES: 

Output up to 10! neutrons/sec continuous, Remote 
Operation, Mobile, No special building facilities re- 
quired, Easily operated and maintained, Beam Pulsing 
System ovale, 


Designed for: 


@ Activation Analysis 





ip @ All types of neutron @ Training of Nuclear 
he diffusion studies on Scientists 
Gg: fast, intermediate and © Instrument calibration 
a slow critical assemblies @ — Logging 
esearc 
o 


@ Neutron Scattering 


. * tte and Nuclear Reaction 
For further information write: ween 


P. O. Box 9267 @ Biological Studies 


Mode! 100-1 shown, 
complete with targets 
and installed, $19,950. 
F.O.B., Austin. 
(Larger units avail. 
able; write for infor- 
mation) 
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The Name to Remember for 


MEMORY UNITS 


Fabri-Tek applies skill, experience and integrity to 
the manufacture of ferrite core memory units. 
Fabri-Tek handles the entire production process— 
cores, frames, design and stacking in functional 
units’ for memories of any size, from small 
specialized applications to large-scale computers. 


Fabri-Tek is the name to remember for ferrite core 
memory units of highest quality and reliability. 


I 
TEXAS NUCLEAR Dept | © Radiation demese 
I 


AUSTIN, TEXAS 





Printed Circuitry 

Also, remember Fabri-Tek for layout and manu- 
facture of printed circuitry for all types of high- 
reliability electronic equipment. 











FABRI-TEK Company, Ineo. 


4141 Minnehaha Avenue 
Minneapolis 6, Minn. 
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HI-VOLUME 


AIR SAMPLER 
accurately samples the air for 
radioactive material, particulate matter, etc. 


Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
products . . . Literally “inhales’” an entire area with 
unparalleled speed and accuracy . . . Particles as small 
as 1/100th a micron in diameter have been accurately 
sampled by this unit . . . Portable . . . Designed for 
indoor and outdoor use . . . Indispensable for series or 
unit tests. 24V, 110V, & 
220 V models available. 


—~s THES faplex co. 


for new bulletin AIR SAMPLER DIVISION 
LH 4 783—Sth Ave., Brooklyn 32, N.Y. 
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HIGH 
VOLTAGE 
POWER 
SUPPLY 


MODEL 
120-5-1 





@ 5 MA at 120 KV D.C. 

@ Reversible Polarity 

@ Input 115V-60 cycle @ Safety Interlock 
@ Overload Relays provide full range pro- 











tection 
@ Automatic stored energy discharge 
switch 
@ No exposed high voltage 
components 


Completely instrumented sup- 
plies are available from 

30 KV to 250 KV 

D.C. up to 50 
KVA 


Compact 
High Voltage 
Power Supplies 


® Selenium Rectifiers 

® Low Ripple 

® Reversible Polarity 

© Shielded Output 
Cables 

® Hermetically Sealed 
Can 

® Epoxy Filled 

@ INPUT: 115 Volts 
60 to 400 Cycles 














Model No. Output Dimension 
w H 
2.5-2-1 | 2.5KV-2MA 3 x2kgx4hs 
5-2-1 SKV-2MA 3 x3bgx4by 
10-1-1 TOKV-1.25MA 7 3 x3hyox5he 
15-1-1 15KV-1.25MA 444 x 5h 1634 
20-1-1 20KV-1.25MA 444 x5he 2634 
25-1-2 | 25KV-1.25MA] 43,%6 «714 
30-1-2 | 30KV-1.25MA | 5 x615 x73; 
ALL DEL products represent the ultimate in quality 
Their design and manufacture incorporate only the 


finest materials and workmanship to assure thoroughly 
dependable operation in industrial and research appli- 
cations. 

Standard Power Supplies and Transformers are avail- 
able from stock. Others can be built to your specific 
requirements from stock components 
For additional information write to Department N. 


DEL 


ELECTRONICS 
CORP. 
OWens 9-3232 

521 Homestead Ave., Mt. Vernon, N.Y. 
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BOOKS 





Chemical Processing of Nuclear 
Fuels 

By F. S. MARTIN and G. L. MILES (Academic 
Press, New York, 1959, 242 pages, $7.50) 

teviewed by C. E. Stevenson, Atomic 
Energy Div., Philips Petroleum Co., Idaho 
Falls, Idaho 

This book is an excellent summary 
of the present status of methods devel- 
oped for the chemical processing of 
spent nuclear reactor fuels to recover 
fertile or fissionable materials. It is 
not, however, a detailed reference work 
on this subject. In all cases it covers 
broadly, but briefly, what has become 
field. It is 
primarily concerned with basic con- 


an extensive scientific 
siderations of nuclear fuel cycles and 
with the chemical bases of the processes 
It has little to say about 
the technology involved in chemical 


discussed, 


plant construction and equipment. 
The arrangement of the text is 
logical but fairly conventional. The 
first part outlines the distinctive 
characteristics of nuclear as opposed 
to conventional fuels for power gener- 
ation and provides the basic nuclear 
data pertinent to fuels and products of 
the reaction. This is 
background material, which those con- 


fission good 
cerned with fuel processing often do 
not have readily at hand. Consider- 
able familiarity with reactors and the 
fission process is tacitly assumed, how- 
ever. Typical fuels are too briefly 
described, considering their importance 
to the re- 
quirements and economics are dis- 


later discussion. Process 


| cussed very generally. 


The second part describes most of 
the aqueous processes developed up to 
this time and outlines pertinent solu- 
tion chemistry and the physical basis 
of the solvent-extraction 
It is by no means a complete discussion 


operation. 


of this subject, however, as is evidenced 
by failure to discuss, for example, the 
triglycol dichloride process, the fact 
that diluents other than hydrocarbons 
can be used with tributyl phosphate, 
and auxiliary decontamination steps 
than can be used with solvent processes. 
The treatment of aqueous processes is, 
in general, rather cursory, considering 
the wealth of information that 
more recently become available. 
In the third devoted to 


nonaqueous processes, considerable de- 


has 
section, 
tail is given on the experimental data 


that support proposed process methods. 
This is perhaps because there is little 


other information available, as these 
processes are largely still in the labo- 
ratory development stage. Some pos- 
sible applications of these methods are 
pointed out. 

Radioactive effluent treatment and 
disposal are given a broad summary 
treatment in the fourth 
Long-term storage and disposal hazards 
are carefully set forth. 

The final section, which attempts to 
predict trends in nuclear fuel proc- 
essing, is of particular interest at this 
time. No particularly novel 
clusions are drawn, however, but it is 
worthwhile to note the authors’ state- 
ments that in the future partial decon- 


section. 


con- 


tamination and 
capable of handling a diversity of fuel 
elements Further, 
they attempt to analyze ‘‘throw-away” 
fuel that, in 
general, these will not be truly practic- 
able. They also conclude that tech- 
niques for conversion of liquid fission- 


processes processes 


will be needed. 


cy cles and conclude 


product effluents to safer and more 
stable solid forms require advancement. 

This volume will probably be of most 
use to technical people with some 
background in the nuclear field who 
are becoming engaged in fuel processing 
studies, or to those in one area of the 
processing field who wish to broaden 
their understanding. The book is well 
prepared and appears to be substanti- 
The 
238 references given are an indication 
of the magnitude of this field. How- 
ever, grouping of references for each 


ally free from significant errors. 


of the four major parts at the end of 
each part is quite inconvenient, as it is 
quite difficult to locate the reference 
lists. A spot check of the references 
indicated that they are accurate and 
reasonably complete up to early 1957. 


Introduction to Neutron Physics 
By L. F. CURTISS (D. Van Nostrand Pub. Co., 


Princeton, 1959, 380 pages, $9.75) 

Reviewed by Joe, W. Cnastain, Jr., 
Battelle Memorial Institute, Columbus, 
Ohio 
the 
purchase price to have available the 


This book is probably worth 
information in chapter 7, Calibrations 
and Standards. This chapter is prob- 
ably the most up-to-date collection of 
information in existence on these sub- 
jects and is clearly written with suf- 
detail to be useful to an 
experimenter. 

The first chapter is an introduction 
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to neutron physics and contains the| 
usual information on discovery, prop- | 
erties, definitions, etc. The second | 
chapter is on particle and nuclear | 
interactions and is an easily read| 
summary on cross sections, level 
widths, independent particle model and 
other related items. The book includes | 
chapters on neutron sources (including | 
reactors), detection methods, and spec- | 
trometers and monochromators. 

The material is presented at about a 
college senior level (as I recall a senior | 
level), which is about right as a refer-| 
ence book for most people who have} 
been out of school over five years. A| 
large number of references, particularly | 
to journal articles, are included, which | 
is another asset of the book. 

The book is a worthwhile addition | 
to a personnel or a scientific division | 
library. 


| 

. 

Handbook of the Atomic Energy| 

Industry 

SIDNEY JEFFERSON, editor (Pitman Pub. Corp., 
New York, 1958, 270 pages, $8.50) 


Reviewed by Strantey B. Rosorr, 
Sylvania-Corning Nuclear Corp., Bayside, 
ie | 


This handbook is essentially a 
compilation of fundamental articles 
on many of the key subjects of nuclear 
energy. Included are technical, ad- 
ministrative and industrial subjects. 

The book is subdivided into nine- 
teen articles or sections, each prepared 
by a specialist. The sections discuss 
the organization of atomic energy 
authorities throughout the world; edu- 
cation and training programs of the 
British atomic energy authorities; the| 
history of nuclear energy development; | 
data on nuclear fuels; nuclear reactors | 
in general; aircraft reactors; marine} 








reactors; reactor physics; atomic en-| 
ergy metals and materials; nuclear 
research machines; radioisotopes and 
their applications in industry, medicine, 
biology and agriculture; radiation 
hazards, protection and detection; and, 
finally, the handling and disposal of 
radioactive materials. 

To cover such a broad scope in depth 
undoubtedly would require a series of 
volumes. Since this handbook com- 
prises only 265 pages, it is quite clear 
that only fundamentals in each cate- 
gory can be discussed. Furthermore, 
the material is necessarily limited to 
broad and simplified discussion and 
will, therefore, not be useful for 
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True economy begins with reliability 
—all Anton neutron detectors pass 


the “inside” quality test 





ANTON ELECTRONIC LABORATORIES, INC., 


1226 Flushing Avenue, Brooklyn 37, N. Y. 


Send for FREE Neutron Detector Catalog NOW. 


CO. OR INSTIT. 


A subsidiary of United States Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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wee Peerless has had o separate research 
and development group working on 
pumps for high temperatures and pres- 


sures since 1950. Out of this group 7 ee 
have come pumps for atomic powered This limited leakage pump for an 


submarines, reactors, steam generators, Atomic Laboratory is shown above un- 
dergoing fital high temperature seal 
fests. Parts in contact with pumpage 
are all of 304 stainless steel. 


This Peerless Pump is installed of the 
Vallecitos Atomic Plant on the first 
forced circulation dual cycle boiling 
water reactor ever built. 


PROVEN PUMPS 


Recognizing the need for spe- 
cial pump equipment for nu- 
clear and related equipment, 
Peerless long ago set up a 
special development and pro- 
duction group. Drawing on 
thirty-five years of experi- 
ence, this group has engi- 
neered a number of pumping 
elements for the extremely 
high pressures, low stuffing 
box leakage and high tem- 
peratures involved in reactor 
systems. 

Coupled with this skill 


PHOTOMULTIPLIER TUBE SHIELDS 





Peerless has created a group 
of facilities among the most 
modern in the pump indus- 
try. This wealth of knowl- 
edge and facilities is at your 
immediate disposal. Write 
Peerless today for assistance 
on your pump requirements. 
Send for Facilities Brochure PR-2. 


Putting ldeas 





fo 









Work 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 
Peerless Pump Division 


of FERNETIC CO-NETIC 


Non-Retentive, Non-Shock Sensitive, 

Attenuate High & Low Intensity Fields 

Will not become magnetized, Perma- 

nently nonretentive (negligible residual 
magnetism). Last indefinitely 

Magnetic shielding permanently un- 

affected by shock or vibration from 

usage, transporting, drilling, bending or 

possible cutting modifications. No peri- 


odic annealing required. 


Double layer (1 Fernetic, 1 Co-Netic) 
attenuates 300 gauss down to approx. 
01 gauss. Triple layer (2 Fernetic, 1 
Co-Netic) attenuates 1200 gauss down to 
approx. .01 gauss. Fields of higher mag- 
nitude can be attenuated by additional layers. 

A wide variety of standard designs available. Also special designs to your exact 
requirement to shield photomultiplier tubes ... or for any other magnetic shielding 
purpose. Other standard and special size magnetic shields available for many 
applications, Unfabricated sheets of Netic and Fernetic alloys available in 30” x 
120” or smaller sizes. .004” Thin flexible Netic and Co-Netic foil for shielding low 
level fields also available in many widths and in continuous lengths. Hand forms 


easily. 


Do a better job by using the only permanently effective magnetic shielding — 
Fernetic and Co-Netic. Extreme flexibility also reduces cost and time of experi- 
mental work. Send full details on your shielding problems today. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 





1322 No. Elston Avenue, Chicago 22, Illinois 


Originators of Permanently Effective Fernetic Co-Netic, Magnetic Shielding 
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BOOKS 
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specialists in any one of the disciplines 
covered. 
The handbook should be of particu- 


| lar interest, however, to relatively in- 


experienced people who are planning a 
career in nuclear energy or who have 
recently entered the field. Each sub- 
ject is covered in sufficient breadth to 
acquaint the reader with its particular 
problems; much basic information is 
presented in tables, drawings and 
charts. The book also will be of value 
to those in the administrative areas of 


| atomic energy in that it provides a 


concise source of data and information 
quickly and in understandable terms. 

It should be noted that, because the 
volume was edited and published in 
Britain, heavy emphasis is given to the 
British program and data derived from 
this program. However, enough in- 
formation is given on programs of 
other countries so that comparisons 
can be made among them. 


BOOKS RECEIVED 


Nuclear Spectroscopy Tables, by 
A. H. Wapstra, G. J. Nijgh, R. Van 
Lieshout (Interscience Publishers, New 
York, 1959, 135 pages, $8.90). This 
compact collection will be a_ useful 
member of the reference shelf of many 
of the world’s atomic and nuclear 
spectroscopists. Its subject areas are 
Mathematical Data, Atomic Constants, 
Elements and Isotopes, Heavy Particles, 
Electrons, Gamma Rays, X-rays and 
Auger Electrons, Angular Distributions 
and Correlations, Nuclear Models and 
Calibration Standards—RHE. 


An Introduction to Transistor Circuits, 
by E. H. Cooke-Yarborough (Inter- 
science Publishers, New York, 1957, 
154 pages, $2.75). Consistently the 
British set a standard in little books 
with lots of information. This volume 
starts with the nature of semiconduc- 
tion and goes to transistors in computer 
circuits in its short length. 


Introduction to Nuclear Power Costs, 
by Arnold Rochman (Simmons-Board- 
man Pub. Corp., New York, 1959, 
50 pages, $2.95). The idea of publish- 
ing monographs on nuclear topics is a 
good one, particularly for the subject 
‘“Nuclear Power Costs.” 

The author’s approach and coverage 
appears well thought out. However, 
many of the references go back as far 
as 1946 and none of the cost data seems 
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to be newer than 1955. A better text 
could have been written using newer 
data and showing more of the pro- 7 
cedures for making nuclear-power-cost | f 2 
calculations. Surely, the economics 
data that has been developed in the 
past two years has a much stronger 
basis in fact than any generated prior 
to that time. 

An added inconvenience is_ the 
variety of equivalent parameters used, 
necessitating conversion from one sys- 
tem to another to make comparisons. 





tn RIGGS 

Multi-Channel 4 

Radiation Monitor -// 
< ‘9 





Nuclear Engineering Handbook, Har- 
old Etherington, editor (McGraw-Hill 
Book Co., New York, 1958, 1857 pages, 
$25.00). To be reviewed. 
Organic Syntheses with lsotopes, by | 
Arthur Murray III and D. Lloyd Wil-| 
liams (Interscience Publishers, New | 
York, 1958, 2096 pages, $25.00 each for | 
Parts 1 and 2). To be reviewed. 


ALSO OF NOTE 


Radiations from Radioactive Atoms in 
Frequent Use, by L. Slack and K. Way. | 
This carefully prepared and referenced 
compilation is particularly intended for 
dose calculations required in biological 
and medical work. It was supported 
by the AEC Div. of Biology and 





Medicine. Energies and intensities of 

all particle and electromagnetic. radi- “Se 
ations, as well as orbital-electron You can virtually be in several places at one time 
emissions following the primary nuclear —to accurately detect, check and safeguard against 


transformation, are given for eighteen| radiation hazards throughout your facilities 
of the most frequently used radio-| °F nuclear operations. ; 
isotopes. In an effort to promote The Riggs AMS-II Multi-channel, Remote Area 

. : ee Radiation Monitoring System makes it possible for you 
greater consistency in the radiobio- to “watch dog” many remote areas in a single, 
logical field, the most accurate data) sweeping glance of the monitor indicators! 
reported in the literature was used. Detection chambers can be strategically placed in 
Information includes decay scheme;| potential hazard areas up to 5,000 feet from control unit. 
: Modular “building block” expansion from 1 to 10 
channels (each a self-contained individual station unit 
with indicators and alarm systems) may be added by 


particle spectrum, energies, intensities 
and range in water; and dose-rate 


graph, energies, intensities and half-| simple plug-in to the AMS-II unit. Specifications, 
thicknesses of electromagnetic radia-| construction features and performance data will convince 
tions. 75 p. U.S.Government Print-| you the AMS-II is a complete high-stability remote 


radiation detection system in a compact, economical 
single package. Specification highlights include: 

.01 mr/hr to 100 K R/hr ranges, low-level Gamma/ Beta, 
fast response time. Control unit for flush or rack 


Reprints Available mounting, 19”"W x 12”D x 21”H. Electronic calibration 


(standard), Isotope calibration, optional. 


ing Office, Washington 25, D. C., 55¢. 





Special Report on 
P P Write for literature and state the nature 
NUCLEONIC | | ; of your detection requirement so that 
| {{ (<r) | | we may promptly send you proper 


INSTRUMENTATION information, at no obligation, of course. 


(pgs 63-94, this issue) 
2" |\RIGGS 


Reprint Dept. 


NUCLEONICS NUCLEONICS CORP 


330 W. 42nd St., New York, N.Y. 717 North Victory Boulevard, Burbank, California 
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ASCO Sets Up Test Loop for Solenoid Valves 


A test loop has been placed in operation to test solenoid valves for reactor applica- 


tions at the Automatic Switch Company. 
With this ‘all-stainless-steel test loop, engi- 


lating water at 3,000 psi and 550° F. 


The loop is capable of providing circu- 


neering and production tests can be made on a wide variety of valves under service 
conditions simulating those encountered in pressurized-water reactors, so that the 
effects of high temperature, high pressure, thermal shock and corrosive media on 
valve structures and solenoid operation can be determined. The instrument 
panel for the loop (above, left) indicates temperatures and pressures at various 
points in the loop and provides for complete control of loop operation. Concrete- 
block walls enclosing the loop provide safety for operating personnel. Tests can 
be completely controlled from outside the enclosure. Shown undergoing tests 
(above, right) is a four-way valve designed to control the main cylinder-operated 


isolating (stop) valve in reactor primary-coolant loops. This stainless-steel, 
hermetically sealed valve features exceptionally tight seating through beveled, 
poppet-type seats and discs. Solenoid-pilot controlled, and available with 


manual override, it is supplied in l-in. size. This unit is suitable for 2,500 psi 


differential pressure at 600° F. 


ASCO two-, three- and four-way valves have 


been specified for primary and secondary systems of reactors, as well as for instru- 
mentation control.—Automatie Switch Co., Hanover Rd., Florham Park, N. J. 





Neutron-Detection Foils 


Gold foils 0.500 in. in diameter by 
0.002 in. thick, weighing 0.12 gm with 
Pt and Ag impurities less than 0.01 
wt% are offered packaged between 
0.030-in.-thick 99.999%-pure alumi- 
num dises pressure-welded about pe- 
riphery. Also available: cobalt foils 
0.500 in. in diameter by 0.004 in. thick 
and weighing 0.11 gm; uranium foils 
0.250 in. in diameter by 0.020 in. thick 
with 0.4039 wt% U* 
pressure-welded aluminum package; 
99.999 %-pure aluminum foils 0.750 in. 
diameter by 0.030 in. thick and weigh- 
ing 0.585 gm.; sulfur foils 0.750 in. in 
diameter by 0.250 in. thick, encased in 
aluminum cup with ring cover. In 
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encased in 


sulfur foils 92% sulfur (99.99% pure) 
is mixed with graphite (8%) for elimi- 
nation of static charge build-up.—Aero- 
jet-General Nucleonics, P. O. Box 77, 
San Ramon, Calif. 


lonization-Detection Systems 


Model 10 and Model 20 are ionization- 
detection systems for automatic gas- 
Model 10 is 
permanent-installation, laboratory-sys- 


liquid chromatography. 


tem capable of either single- or dual- 
column operation using glass, metal, or 
Model 20 is port- 
able system using capillary tubes. 
Features of Model 10 include: relative 
insensitivity to changes in gas flow, 


capillary columns. 


temperature and pressure because ions 
produced in chamber are collected at 


electrode rapidly (within 107° or 
10-2 sec) ; sample-collection system built 
around low-internal-volume miniature 
manifold valve that allows for individ- 
ual collection of at least five different 
components emerging rapidly from 
column (within 10 see of one another, 
if necessary).—Wheelco Instruments 
Div., Barber-Colman Co., Rockford, Ill. 


Radiation Warning Signs 


Metal radiation warning signs that are 
completely weatherproof and heat-re- 
sistant, have porcelain enamel finish. 
Model WP-41 metal “Caution . . 
Radiation” signs are designed to fire 
department specifications and will with- 
stand intense heat up to 1,600° F. 
Magenta and yellow color combination 
meets AEC regulations.—Atomic Ac- 
cessories, Inc., 244-02 Jamaice Ave., 
Bellerose 26, N. Y. 


Irradiation Services 


Irradiation services with the Dyna- 
mitron accelerator (NU, Nov. ’58, 213) 
are now available. Irradiation center 
contains two separate vaults with Dy- 
namitron electron accelerator units of 
1-Mev, 2-kw and 1.5-Mev, 15-kw out- 
put. The energy output of the larger 
unit is equivalent to approximately 10° 
c of cobalt-60: upon conversion to 
X-rays, the flux is similar to that from 
300,000 ¢ of cesium-137. Both units 
are available for contract work on sin- 
gle or sustained basis. In addition, 
research assistance can be provided. 
Radiation Dynamics, Inc., Westbury 
Industrial Park, Westbury, N. Y. 





Expansion Joints 


Line of bellows-type expansion joints 
(above) accommodate pipe movement 
in any direction. Basic elements of 
these units include two hydraulically- 


formed bellows, a center section of pipe 
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Now — Nuclear Instrumentation Comes of Age... 
The Tracermatic concept is a dramatic advance in simplified, automatic nuclear : 
instruments of exceptional versatility at lowest possible cost — an idea pioneered eee, ; 
by TRACERLAB in its first instrument, the famous Autoscaler. : oo BO 
219 Oe. 

THE NEW TRACERMATIC SERIES — 100 
SIMPLIFIES YOUR EQUIPMENT NEEDS di #2 
Exceptional versatility of the Tracermatie series enables you to do more jobs with * 
fewer instruments. Its flexibility permits you to pin point the specific functions you Ri 
need in buying an instrument or a system. 300000 

456 
SPEEDS YOUR WORK ; 65789 
Readings are easier to take, settings easier to make. Simple, straightforward data 
presentation relieves you of tedious, manual data computation. Tracermatic sample 
handling systems are readily adapted to punch card or punch tape recording. 22 
9864.00 
SAVES YOU MONEY sn 10.00 
Initial cost is low. Reliability is at a new high through simplified circuitry. The flex- 9840 
ibility of the Tracermatic series lets you grow into larger systems economically as 
your needs increase. 
23 
3000.00 
P TE ewes. 640 
> 6 Me iilime 2 468.75 
Taceriad : 1602 Trapelo Ré., Waltham 59, Mass. 
a a: . 2030 Wright Ave., Richmond, Calif. 
ee J wane 2419 South Bivd., Houston, Texas 24 
— 3000.00 
689 
43541 
PFs « @— Sample No. 
“@— No. of counts 
SEND FOR CATALOG F 10,00 4 tine inn) 
; 1 7 460 €- Count Rate (com) 
Contains complete 
descriptions and specifications 


of these afd other new 
Tracerlab instruments and 


systems, 





Tracer / matic SCALERS 
Eight new instruments for 
every counting need 
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AUTO-COMPUTER 






1 Microsecond 


2500 or 5000 
Resolution Time 


Volt Power Supply 





Preset Count 








Pp Front Panel Non. Ambiguous 
reset Time Discriminator Read-Out 





Tracer/ matic Auto/step 1uto/well 


SPECTROMETERS CHROMATOGRAM SCANNER LIQUID SAMPLE CHANGER LIQUID SCINTILLATION COUNTER 


tain amplifier, discrim- Greater accuracy, g oi Aut handling of Low cost, high sensitivity 
r 


ge super sensitivity through digita liqu be or amma for Carbon 14 and Trit 


read-out samples with except sily ium Greatly 
digital low background, Unusually sample handling 
simple and rugged 
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TO A 
PHYSICIST'S 
PHYSICIST 


In your hands lays the promise for future developments in industrial nuclear energy. 


To this end, the Atomic Power 
ment will be concerned with 
development. You will have 


Dep 


the 


from other countries who are er 


have the stimulating associat 
nuclear technology and you 
recognition they deserve 
Working at the Atomic Px 
what has been called the 
evidence of the atomic age 
research centers devoted to r 


advantages of gracious suburt 


SENIOR SCIENTIST PhD 


of alertness and initiative. MS 


rience in either reactor calci 


SCIENTIST... PhD in physics 


not essential; or BS degree 
or nuclear engineering back 
SCIENTIST .. . PhD in phy 
that lends itself to LRMD 
tive ability. 


ver 


Westinghouse Atomic Power [ 


irtment 


f Westinghouse is devoted. Your assign- 


omplex problem of new reactor concept and 
opportunity to travel and meet with scientists 
1ged in similar work. At Westinghouse you will 


the foremost scientists in the field of industrial 
our contributions have gained the 


enable you to take advantage of 
of America—Pittsburgh. Here, the 
by the number of world-renowned 
iddition to all of this, you have the 


matician with an unusual degree 
ithematics with several years expe 


>xperimentation 


e in the Atomic Field desirable, but 
e in the nuclear field OR RT 


Westinghouse 


FIRST IN ATOMIC POWER 
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They are 


manufactured in standard sizes from 


and appropriate tie rods. 
3 in. to 72 in. in diameter and, depend- 
ing upon pressures and temperatures to 
be encountered, are supplied with one 
of three different types of bellows (non- 
equalizing, self-equalizing or HyPTor 
toroidal). Standard units are avail- 
able for pressures up to 2,500 psi and 
temperatures from minus 320° F to 
1,600° F. Special units are available 
for more conditions.—Zallea 
Brothers, 815 Locust St., Wilmington 
99, Del. 


severe 


Streaking Pipette 


Model 1860 chromatography streaking 
pipette (above) ensures uniform distri- 
bution of sample along line of origin in 
streak application. Design eliminates 
drop formation at tip of pipette and 
maintains constant hydrostatic head 
during delivery of entire sample. Vol- 
applied by 
pipette with one filling.—Research 
Specialties Co., 200 8. Garrard Blvd., 
tichmond, Calif. 


ume of ~0.3 ml can be 


Water Monitor 


Fission-product ion-exchange water 
monitor is connected to sampling line 
from main coolant stream of reactor. 
Instrument uses ion-exchange-resin col- 
umns to separate iodine fission prod- 
ucts from main coolant stream. By 
energy discrimination, each iodine iso- 


looked at 


iodine isotopes only. 


tope is individually, and 

Only two con- 
nections are required Instrument is 
for pressures exceeding 2,500 psi and is 
sensitive to 11,000 epm per yucurie of 


I'**, with a background of 125 cpm. 
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FAST NEUTRON 
SURVEY METER 


MODEL FNS-3 measures by SCIN- 


TILLATION METHOD “fast” neutron bj : deg Progress Report on 


flux in the presnce of intense gamma 


radiation. Large 2” scintillator opti-| i ; 

cally coupled to 6292 integrates proton- RUB LDIUM 
recoil induced pulses in stable electronic art} 

cirauit and indicates fast neutron popu- | Bi 

lation on front panel meter. Neon | i and a ta 


flasher, and jack for earphones, makes 
FNS-3 extremely versatile for Health 
Physics, Beam hole measurements, and 


wherever accurate determinations of 
“fast’’ neutrons are required. 








TRONA* has the raw materials, 
the process, and the facilities... 


what are your requirements? 


Rubidium and cesium metals — most highly electropositive of all the elements 
—need no longer be considered laboratory curiosities, or beyond your reach 
because of price or process. Trona now has the raw material position, is ready 
to supply your investigative needs, and is prepared to support growing com- 
mercial demands. 

If your interest is in long-duration secondary power systems for space 
vehicles, rubidium metal has been proposed as the working fluid in vapor 
turbines, whether the energy source is nuclear or solar. The properties of 

FEATURES cesium metal have led to investigation of its uses in ion propulsion rockets, and 
gee in the direct conversion of nuclear heat into electrical energy. As catalysts, or 
Large proton rocell scintater catalyst promoters, rubidium and cesium may have unusual stereospecific prop- 
* Sensitive to 5 neuts/cm‘/sec. — : et 2. Lhe “3 
°No Gamma response in fields up erties. In these, or other applications, the availability of Rb and Cs metals and 
to 3R salts from Trona—in volume and at realistic prices—might provide you with 
* Transistorized HV supply an important break-through. 
* Large 4” panel meter 
* Three wide sensitive ranges 
* Front panel neon flasher 
* Front panel jack 





RAR AR ON pee scart 


Model FNS-3/$495 


r Consult with Trona’s technical staff on 
Technical Therapy to Specific Nucleonic fmt ; : your investigative needs. Technica] 
Problems literature available on request. 


vy. 
wm. b. JOHNSON & | seuaseaiil 
STASI moe American Potash & Chemical Corporation 


3000 WEST SIXTH STREET, LOS ANGELES 54, CALIFORNIA, DUnkirk 2-8231 
oO hae - 10) @-S ) 99 Park Avenue, New York 16, N. Y., OXford 7-0544 


MOUNTAIN LAKES, N.J. Canad ae ‘ - 
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How to detect and 
measure 1,(6,7 


Choose one of these three combinations 
for a compact, economical, all-purpose 
laboratory .. . 


0O+0...or 
0O+0...oF 
0+0+90 


(PC-3A) 
$1295.00 


Precision detection and counting of alpha and beta 
gamma activity in prepared samples. No window 
absorption. Full 2 pi geometry. Sample analyzed 
directly inside detecting chamber. High voltage and 
scaling systems operate with US-1 and SC-1 shown 
below. Accessories optional. 


2 


Detects gamma and beta-gamma activity in prepared 
flat samples. Beta-gamma G-M detector furnished 
Also accepts gamma scintillation detector, mylar 
window G-M flow detector, and strip chromatograph 
scanner. Operates with PC-3A. 


3) 


WELL-TYPE 
SCINTILLATION 
COUNTER 


(SC-1) 
$980.00 


Detects low-level gamma activity in test tube type 
samples. Also takes flat type samples. All-transis 
torized amplifier. Works with any scaler. Operates 
with PC-3A. 


WRITE FOR CATALOG OR PHONE COLLECT 


Nuclear 
Measurements 

2460 N. Arlington Ave 
Corp. 


Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N. Y 
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Tracerlab, Inc., 1601 
Waltham 54, Mass. 


Trapelo Rd., 


Boron-Steel 


Type 304L stainless steel containing 
2%-boron melted in electric are fur- 
naces is commercially available in two 
rectangular shapes: 6 by 3¢ in. and 3 
by %¢ in.—The Carpenter Steel Co., 


teading, Pa. 


os 
eats 
rp T 
Cea. 


ae oF 
4 48 


ot 


& , 


el 
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Gas Flowmeters 


Gas flowmeters (above) have low pres- 
sure drop, accuracy of +0.5% or better 
of reading and repeatability over ten-to- 
range. It ovel 


linear operates 


temperature range of —425-1,000° F 


one 


and has only one moving part. 
choice of construction materials assures 
with large 


maximum compatibility 


variety of corrosive gases. Special de- 
signs compatible with radioactive-en- 
vironment and radioactive-gas applica- 
tions are available.—The Pottermeter 
Co. Div., Potter Aeronautical Corp., 
Union, N. J. 


Extruded Niobium Tubing 


Extruded niobium rod and tube is 


available in following dimensions: rod, 
14—1 in. in diameter, tube, '4—1 in. o.d., 
0.085—0.020 in. wall thickness, both rod 
Other 
sizes can be extruded for special orders. 

Wolverine Tube Div., Calumet & 
Heela, Ine., 17200 Southfield Rd., Allen 


Park, Mich. 


and tube in lengths up to 20 ft. 


Portable X-Ray Spectrograph 


Norelco portable X-ray spectrograph 
consists of two units: (1) gaging or de- 
tector head containing X-ray source, 
detector and ratemeter, which weighs 
~18 lbs, and (2) power supply /elec- 
tronic chassis requiring ~200 watts of 
energy from 115- or 230-v, 50- or 60- 
eycle a-c source via cord and plug, 
which weighs ~48 lbs. Inverter can 
be used for operation on 6- or 12-v stor- 
age battery when 
Electronics, Inc., 750 8. Fulton Ave., 


Mount Vernon, N. Y. 


desired. Philips 


Wide | 


ADV ERTISEMENT 


HOT LAB EQUIPMENT 
seen at Atomfair 


Copper-lined, Zinc Bromide 

Shielding Window 

Visitors saw this window being in- 
stalled in a Cleveland radiation lab. 
Measures 23” X 35”; 61” thick; 
than $10,000 installed; 
includes guarantee of superior view- 
ing for 5 years. Write for Bul. 3ZB9N 


costs less 


Mercury-Sodium Lights 

for Hot Cells 

Reflector designed to increase by 
more than 30% illumination from 
lights. Sereens protect against acci- 
dental bulb breakage. Master slave 
manipulators fixture 
from cell wall as well as replace bulb. 


Write for Bul. 2MS9N 


can remove 


Powered Rod 
Runner and 
Rotating 
Ring Stand 


Built for remote lab operations. Rod 
runner moves from extremely slow 
speed to 45” per minute, lifts 20 lbs. 
Powered ring stand rotates to 8 rpm; 
clutch slips if rod hits object. Write 
for Bul. LRRON 


Filter Changer, 
Laboratory 


For information on Air 
Periscopes and other ‘‘ Hot” 
Equipment, write 


RESEARCH EQUIPMENT CO. 


P.O. BOX 127 - TEL. 719 - GLEN ELLYN, ILLINOIS 
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NEW! BENDIX 


200mr 


DOSIMETER 


* MEASURES INTEGRATED EXPOSURES 
TO X AND GAMMA RAYS 


* CONVENIENTLY CARRIED FOR 
PERSONNEL MONITORING 


* PROVIDES EASY DIRECT READING 


Product of famous Bendix precision 
craftsmanship, this 200mr Dosimeter 
offers the utmost quality and reli- 
ability. Weighs less than 1'4 ounces. 
Only 4'4" long and '%:" in diameter. 
Highly shock resistant. Write BENDIX 
AVIATION CORP., Dept. G-6, 3130 
Wasson Road, Cincinnati 8, Ohio. 
Cincinnati Division 
Cincinnati, Ohio 


“Bend 


Canadian Sales: Computing Devices of Canada, Ltd., 
Box 508, Ottawa 4, Ontario. Export Sales: Bendix 
International, 205 E. 42nd Street, New York 17, N. Y. 


Here’s how you can 


MERCHANDISE 
YOUR 
ADVERTISING 


with these handy 9” by 12” folders 


Keep your sales, management 
and distribution people informed 
on your advertising. Circulate pre- 
prints, reprints, schedules and 
other material in these folders, 
and make your advertising dollars 
work over and over for you. 

Write for illustrated folder 
and price list 
Company Promotion Dept. . . . Room 2710 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd Street, New York 36, N. Y. 
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256-Channel Analyzer 


Model CN-110 is 256-channel analyzer 
that is completely transistorized, is 
contained in cabinet 84 in. high and | 
weighs 40 Ibs. In addition to its small | 
size, this analyzer system features inter- | 
changeable plug-in logic units for: (1) 
pulse-height analysis, (2) neutron time- | 
of-flight studies and (3) counting as a 
function of time (decay measurements, 
etc.). Special units can also be built 
for specific programs. Additional fea- 
tures include: 3-in. CRT display on 
front panel, analog address and arith- 
metic readout, pre-set count, average 
dead time (with pulse-height analyzer 
unit) of 42 wsec.—Technical Measure- 
ment Corp., 441 Washington Ave., 
North Haven, Conn. 


Scintillation Counter 


| 
Model 10-7 is low-noise, high-speed 
counter for X-ray diffraction studies. 
Monitoring flanges are available to 
match counter to standard commercial | 
X-ray diffraction systems. Unit in- 
cludes gain of 10 preamplifier, selected | 
photomultiplier tube and specially fab- | 
ricated, thin NalI(Tl) crystal.—Radi- 
ation Instrument Development Labo- | 
ratory, Inc., 5737 S. Halsted St., | 
Chicago 21, Il. 


NEW 


Gamma Alarm 
SYSTEM 


The new NMC “Gammaguard’’ Gamma Alarm 
System (Mode! GA-2) is only 12” x 15” x 8%”. 


Eliminates 
Central Power Supply 


®@ Meets all new A.E.C. requirements for 
an alarm wherever fissionable materials 
are stored or processed. 


@ Small, compact, self-contained. 
@ Wires to any 110-volt circuit; eliminates 


| central power supply and expensive instru- 


ment wiring formerly required. 


@ Saves on initial cost, installation cost 


| . 
and maintenance cost. 


@ Fail safe options. Cannot jam in high 
gamma fields. No fragile vacuum tubes. 
Unaffected by power line transients. 


@ Multistation units and remote controls 


| easily assembled from standard compo- 


Bar and Tube Straighteners 


Series of 5-roll, rotary bar and tube 
straighteners (above) are equipped with | 
patented Syncro-Drive, which provides 
entirely guideless, precision straighten- 
They | 


are available in all sizes for tubes from 


ing at high production speeds. 


l¢¢- to 6-in. o.d. and bars from 1{¢- to| 
4-in. diameter in all metals.—Sutton 
Engineering Co., First National Bank | 
Bldg., Pittsburgh 22, Pa. 


Linear Amplifier 


Model 358-I linear amplifier, developed 
at Oak Ridge National Laboratory, will 
recover 4,000 X overload in 8 
usec. Fast recovery time is achieved 
by double-delay-line differentiation. 
Double delay line also serves to mini- 


from 


nents. 


@ May be connected to follow meters in 
control room with inexpensive standard 


| electric code wiring. 


@ Units are interchangeable without usual 
installation matching or calibration. Con- 
nectors may be used for quick connect and 
disconnect. 


@ Wide variety of alarm and control op- 
tions possible. 


®@ Detects gamma, 30 KV up. 

®@ Sodium iodide crystal. 

@ 12” wide x 15” high x 8%”. Weight about 
37 lbs. 

@ Price: $595.00, F.O.B. Indianapolis. 


FOR DETAILS, PHONE COLLECT 


Nuclear Measurements Corp. 
2460 N. ARLINGTON AVE 
PHONE: LIBERTY 6-2415 


International Office: 13 E. 40th St., New York 16, N.Y 
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PRODUCTS & MATERIALS 


LITERATURE AVAILABLE 


Subject Length 


Mechanical arm 2 pp 
manipulator 


Remote lab monitors 

Plant modernization 

Shielding and handling 
devices 

Scalers 

Tantalum 

Lead 

X-ray spectroscopy 

Spectrophotometers 12 pp 

Adjustable-speed drives 16 pp 

36 pp 


Chemicals and reagents 


Radioisotopes in indus- 
trial research 


} pp 


Metal fabrication 
facilities 


Nuclear instrumentation 
Process Chromatograph 
Mass Spectrometers 


4 pp 
S pp 
16 pp 


Activities and products 2 pp 


Radiation monitoring 24 pp 


Thermocouples 1 pp 


Lead 


16 pp 


Vibrating-condenser i pp 


electrometer 


Circular slide rule for 
chemical use 


S pp 


Reactor control systems 18 pp 


Organic-moderated 24 pp. 


reactor 


Ask for 


Bulletin 6B105 
6B106, 6B109 


Model 420 


Booklet 25B9084 


‘Nuclear Shielding 


Produ ts 


Scaler Cata og 


“ High-Purity 


Tantalum ’’ 


Lead 


Crystal-Co 
Chart 


inter 


Bulletin 735 


Catalog 11058 


Catalog R-59 


echnical Bulletin 
No. 3 


Form No. RL558 


Bulletin 3015 
Bulletin 1836¢ 
Sulletin 1824¢ 
Nucleon Mar- 
kets reprint 


Pamphlet No. P-31 


Milli- 


Temperature 
volt Tables 


Bulletin 193 


Sulletin 1033 


Aristo No 


630 


Publication N-03(1 


‘Organic Reactor 


Department starts on page 136 


Fy om 


General Mills, Inc., 

419 N. Fifth St., 
Minneapolis 1, Minn. 

Universal Atomics Div., 
Universal Transistor Corp., 
17 Brooklyn Ave., 
Westbury, N. Y. 

Allis-Chalmers Mfg. Co., 

P. O. Box 512, 
Milwaukee 1, Wis 

Ameray Corp., 

132 Rt. 46, 
Kenvil, N. J. 

Radiation Inst. Dev. Lab., 
5737 8. Halsted St., 
Chicago 21, Ill 

National Research Corp., 

70 Memorial Dr., 
Cambridge 42, Mass 

Lead Industries Association, 
60 E. 42nd St., 

New York 17, N. 

Philips Electronics, Inc., 

750 8S. Fulton Ave., 
Mount Vernon, N. ¥ 

Beckman Instruments, 
2500 Fullerton Rd., 
Fullerton, Calif. 

Servo-Tek Products Co., Ine., 
1086 Goffle Rd., 
Hawthorne, N. J 

Central Scientific Co 
1700 Irving Park Rd., 
Chicago, Il. 


Inc ’ 


Nuclear-Chicago Corp., 
223 W. Erie St., 
Chicago 10, Ill. 

Smithecraft Fabrication Div., 
A. L. Smith Iron Co 
200 Bent St., 

Cambridge, Mass. 

Consolidated Electrodynamics 
300 N. Sierra Madre Villa, 
Pasadena, Calif 

Bar-Ray Products, Inc., 

209 25th St., 
Brooklyn 32, N. ¥ 

Eastman Kodak Co., 
Rochester 4, N. 

Thermo Electric Co., Inc., 
Saddle Brook, N. J 

Federated Metals Div., 
ASARCO, 120 Broadway, 
New York 5, N. Y 

Herman H. Sticht Co 
27 Park PI., 

New York 7, N. ¥ 

Charvoz-Roos Corp., 
50 Colfax Ave., 
Clifton, N. J. 

Leeds & Northrup Co., 
1934 Stenton Ave., 
Philadelphia 44, Pa 

Atomics International Div., 
North American Aviation, 
P. O. Box 309, 

Canoga Park, Calif 
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mize base-line shift at high-duty cycles. 
Over-all gain of amplifier is 70,000 with 
stability of 0.9% 
changes from 105 to 130 v. 
250,000 Franklin 
Inc., Bridgeport, Pa. 


for line voltage 
Maximum 
Elec- 


rate is cps. 


tronics, 


Bf. Counter 


Pencil-size Bf; counter 
diameter. It 
2!s-in. active anode and 0.032-in. brass 


above) is 6 in. 


long with 1'-in. has 


walls. Counter has approximate oper- 
ating region of 900 v, typical plateau 
length of 150 v and average plateau 
3% per 100 v.—Radiation 
Counter Laboratories, Inc., Skokie, Ill. 


slope ol 


Manual Sample Changer 


Model 3056 Universal manual sample 
changer provides lead shielding for de- 
tectors to back- 
ground Changer consists 
of lead detector shield that fits on top 
of lead Heavy 
additional lead shielding and has two 


eliminate spurious 


radiations. 


base. base provides 


aluminum trays. One tray accepts all 
popular-sized sample pans, the other 
accepts radiation-absorber discs.—Nu- 
clear-Chicago Corp., 229 W. Erie St., 
Chicago 10, IIl. 


Air-Sampling Pump 

Air-sampling vacuum pump (above), 
activated by graphite-ringed pistons, is 
Choice 
All 


bearings are greased-packed and -sealed ; 


designed for continuous duty. 
of air capacity is 20 cfm or 4 cfm. 
no oil is needed. Inlet and exhaust 
valves are optically polished to give 
leakproof fit. 


self-sealing. 


Piston-ring joints are 
Gelman Instrument Co., 
233 Jefferson St., Chelsea, Mich. 
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NUCLEAR REACTIONS 


This department starts on page 6 


parisons do give machines the edge, but 
only in a broad sense, and not by orders 
ol magnitude. 
AEC industrial 
radiation program will establish those 
conditions that will permit the normal 
growth pattern in the radiation indus- 
try that Dr. Morganstern advocates. 
Pau. C. AEBERSOLD, Director 
Office of Isotopes Development 


U.S. Atomic Energy Commission 
Washington, D. C. 


In summary, the 


Don’t Be Half-Safe 


DEAR SIR: 

The article by Ernest Siddall, “Sta- 
tistical Analysis of Reactor Safety 
Standards” (NU, Feb. ’59, p. 64), ap- 
peared to me to be so irrational] that I 
feel impelled to reply. 

While I am neither a nuclear nor any 
other kind of physical scientist, my 
occupation as a lawyer with construc- 
tion experience and a civil engineering 
education, employed by a high-risk in- 
dustry serving the nuclear industry, 
among others, has given me a familiar- 
ty not only with industrial risks in 
general but also with some of the more 
important aspects of the nuclear risks. 

There are some statements made by 
Mr. Siddall in his article that simply 
cannot be supported. For example: 

1. “The basic difficulty in thinking 
about safety is probably a failure to 
understand that the intrinsic danger 
of a process has little or no relationship 
effective danger it 

Manufacturing 


actually 
presents photo- 
graphic film or fertilizers is about twice 
as dangerous as making explosives or 
fuses and powder.” 

The 


plosives is relatively safe today is that 


reason the manufacture of ex- 


that industry has paid more attention 
to th 
tl al 

thereby 


safety aspects of production 
other 
eliminated many of the haz- 


most industries and has 
ards that once inhered in the process. 

2. ‘‘The worst possible misfortune 
that can befall a person is death, and, 
unhappily, all people are at all times 
exposed to a risk of death. . . Even 
if there is disability, this can be offset 
financially, which is not possible with 
ce ath.”’ 

Mr. Siddall 
from the point of view of the 
worker, without thought of the effect 


upon his family or society in general. 
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considers the injury 


only 


He apparently has never been con- | 
fronted with the sort of industrial acci- 
dent that, for example, produces para- 
plegia, which not only destroys the 
ability of the worker to earn a living 
in his former occupation but also 


| 
| 
| 


affects his psychological makeup to | 
such an extent that he no longer has 
sufficient interest or aggressiveness | 
to seek to be rehabilitated. If the | 
author does not know that there can | 
offset against 
serious disability, then the author has 


never be a financial 
never come into contac! with a person 
Both the 
laws 


who has been so disabled. 
workmen’s compensation and 
the general law of torts relating to | 
personal injuries recognize as a basic 
premise that there can be no “off- 
set’”’ between disability and financial 
reimbursement. 

3. ‘By comparison, injury less than 
fatal (say within a month) can prob- 
ably be ignored, since most nonfatal 
injuries are followed by fairly complete 
recovery.” 

As to the latter portion of this state- 
ment, see my preceding comments. 
I am astonished that a person in the 
nuclear industry, of all persons, should 
be willing to ignore injuries that do 
not result in death within a month. 
I suggest that 
nuclear scientist is able at this time to 


neither he nor any 
give us any quantitative analysis of 
the effect 
urban 
following a 


the residents of an 
radioactive fallout 
rupture of a 


upon 
area of 
complete 
containment vessel in a nuclear power 
station during a severe nuclear acci- 
dent. None would deny, I suspect, that 
some deaths could result but probably 
not within the one-month time limita- 
tion so glibly suggested by the author. 

4. “In general, a large fraction of 
and at least some 
deaths—could be 


avoided if more money were spent on 


accidental deaths 
so-called natural 


safety measures or if wealth were 


sacrificed by working more carefully 
and more slowly or in not carrying 


out some of the more dangerous 
operations.” 

Mr. 
dents are a price to pay for greater 


Such 


To paraphrase Siddall, acci- 


efficiency. thinking is repre- 


sentative of those who know least 
about safety. It has 
strated that accidents result from in- 
efficiency, from lack of planning, or 
from lack of proper equipment. I 


know of no industry in which the 


been demon- 


most efficient producer is not a leader 
in the safety record of that industry. 
5. “Fortunately in 


most western 


fluors 


PILOT 


SCINTILLATOR B 


greatest pulse height- 
shortest decay time! 


Pilot Scintillator B is the only plastic 
scintillator containing diphenylstil- 
bene ... developed and patented* 
by, and available only from Pilot 
Chemicals, Inc. It has the greatest 
pulse height (90% that of a stilbene 
crystal), and shortest decay time 
(3 x 10-9 seconds) of any commercial 
plastic scintillator. Available in a 
wide variety of shapes and sizes — 
from sheets 0.0005” thick to 16” x 12” 
cylinders. Machinable to virtually 
any design. 


SCINTILLATION GRADE FLUORS 


Extremely high purity; maximum light output, 
high melting point. Among the more popular 
always in stock: Diphenyloxazole, 
Alpha-NPO, POPOP, PBD. 


Do you need a special scintillation plastic or 
fluor? Write us for help! Send for Bulletin 
91. 


O04 


CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Mass. 


*U.S. PATENT #2,710,204 
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ULTRASONIC 
BREAKTHROUGH! 


ONLY ACOUSTICA 
ULTRASONIC 
CLEANERS HAVE 
MULTIPOWER! 


The Multipower transducer developed by 
Acoustica research, multiplies the power 
and efficiency of ultrasonic action. Clean- 
ing is faster, better, labor costs are lower. 
Acoustica ultrasonic cleaners are built for 
performance and durability. They are 
engineered to the finest standards, un- 
equaled in quality and value. 


Off-the-shelf in capacities from 1 to 75 gal. 
or custom built to 5000 gal. and more. 
Expert Acoustica engineers can help you 
with your cleaning problems. Send for 
further information. , 

N | { j Los ANGELES 
acoustica 
LEADER IN ULTRASONIC RESEARCH 


eevee eeeeeee 


Acoustica Associates, Inc. 

Dept.N Fairchild Court, Plainview, N. Y. 
Send information describing advantages of 
Acoustica ultrasonic cleaners. 
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NUCLEAR REACTIONS 


This department starts on page 6 


freedom of 
money that 
| pleasure and wealth, at least in the 
framework of a study like this, can be 
| equated with money.” 

I doubt that many philosophers will 
agree with his statement that there 
|is much correlation between pleasure 


countries exchange of 


such things as 


means 


‘and money, although there probably 
|is a correlation between the pursuit of 
| superficial pleasure and money, but 
| wasting a single life, as far as I am 
| concerned. 
, @ “The 
|of lower degree provide a warning and 
produce the right attitude of caution 


such pursuit is not worth the cost of 


more numerous accidents 


| toward larger ones.” 

It be that the occurrence of 
less will 

| ployees to develop a cautious attitude, 


may 
severe accidents cause em- 
but even this has not been firmly estab- 
lished. The that 
work to produce minor injuries are 
usually entirely different from those 
that produce major accidents. In our 
industry, found that it is 
fruitless to preach safety in the ab- 
stract, or to assume that, by eliminat- 


causative factors 


we have 


ing one class of accidents, we can 


affect the frequency of any other class. 
Our safety program, therefore, is 
directed toward learning the causes of 
all different 
taking positive steps to eliminate as 


classes of accidents and 


many of those causes as we can. 

7. “‘Table 3 is a comparison of the 
relative to the 
munity risk in nuclear and coal power 


contribution com- 
stations.” 

Table 3 does not 
ating risks. The author implies that 
the only other risks are those of manu- 


show any oper- 


facture and construction of the two 
types of plant. The risks inherent in 
the operation of either a hydroelectric 
or a fossil-fueled steam electrical gen- 
eration station are extremely small 
today, while the risks inherent in the 
operation of a nuclear power gener- 
station have fully 
Certainly con- 
stations is 


yet to be 
the 


almost 


ating 
risk in 
exclu- 


assessed, 
ventional 
sively a risk to the few employees of 
the station, while in the 
station the risk spreads across the 
the 
disparity 


nuclear 


community in which station is 
located This 


me to be a conscious misrepresentation 


appears to 


by omission on the part of the author. 
Perhaps another factor is germane 


to this discussion, although it, too, has 
been ignored by the author. Cur- 
rently neither the United States nor 
Canada has a crying need for nuclear 
Both hydroelectric and fossil- 
far 
ery 


power. 
fueled stations are 
economical. The hue 
acceleration of nuclear power station 
development in the United States 
has been generated by (1) public power 
2) politicians who insist 


power more 


and for 


proponents, 
that the United States must be superior 
to Russia in all manner of technical 
and matters (3) the 
heirarchy of atomic bureaucrats and 
A well conceived, 


scientific and 
nuclear scientists. 
thoroughly planned conservative nu- 
development 
but 
otherwise, 


clear power program 


there is need, 
to 


conservative safety standards in de- 


is desirable, no 


economic or sacrifice 
veloping atomic power. 

Apart the itself, the 
comments by other atomic specialists 
Mr. Lewis’ comment, 


from article 
are interesting. 
for example, that a small addition to 
expense near the threshold of cost can 
have an adverse effect upon standards 
of living, while perhaps true as a 
general statement, appears to be en- 
tirely the 
discussion because atomic energy has 


inapplicable to present 
not yet even come close to the cost 
threshold that obtains in conventional 
power plants, and I doubt that, even 
if all salety factors were ignored, the 
could be 
make nuclear 
competitive with conventional power 
United 
Moreover, no one outside the Atomic 
Energy knows whether 
the cost of fabricated nuclear fuel fur- 
nished by the AEC for power gener- 


cost reduced sufficiently to 


power even. slightly 


in the States or in Canada. 


Commission 


ating stations has been kept artificially 
low at the expense of the American 
taxpayers. 

Mr. Randers’ statement contains an 
odd reference to ‘‘the money so com- 
monly lavished on containment shells.” 
The 
in large 


cost of such containment shells 
stations 
of the 


capital investment in the plant, and 


nuclear generating 


represents perhaps 2% or 3% 


this cost could probably be materially 
Such a 


hardly 


reduced by proper planning. 
total 
appears to be “lavishing”’ 
If a nuclear sta- 


small portion of cost 
money on 
containment shells. 
tion can be made so safe that a con- 


shell 


even under the worst acci- 


tainment no longer becomes 
necessary 
dent postulated, that will be fine, but, 
until that date comes, the slight cost 


of this last ditch safety device appears 
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to be well worth incurring. It should 


be remembered that the containment | MODEL PA-4...100 CHANNEL 


shell exists simply because of a risk of 


nuclear contamination of an entire 
community resulting from the “ maxi- Pe J L$ b H E IG a T A NA LY Z £ ea 
mum credible accident,” and we all 
know that sometimes even the in- Magnetic core st fon tile data } ling, viewi 
credible occurs. ‘teat and recording; amplitude-to-time conversion for uniform- 
I am glad that Mr. Beck is chief of | ity and stability of channel widths; temporary input pulse 
the AEC Hazards Evaluation Branch. | storage for highest analysis rate with minimum counting 
He appears to have been singularly loss — all three techniques have been combined in the PA-4 
unimpressed by the article. to achieve a multi-channel analyzer having unsurpassed 
Ricuarp A. Barton, Attorney usefulness and adaptability. 
1306 W. 106 St. 
Chicago, Illinois aN | ee 
Many auxiliary features provide maximum data 
control, complete readout flexibility, and ease 
DeraAR SIR: 3 SRE a a of operation and maintenance. 





The letters from Messers. Plumlee ss = ® Selectable storage from 99,999 to 1,048,575 
(NU, April ’59, p. 6) and Barton lead | counts per channel @ Separate input with dis- 
me to suspect that they have not really | criminator for coincidence gating. Gate width 
understood the nature of the nuclear | is adjustable from 3 to 20 usec, discriminator 
safety problem as it stands at the from 0 to 100 volts ® Both dynamic and static 

monitor scope display’ of complete spectrum 
@ Programmed accumulating printer furnished 
as standard equipment ® Printer and plotter 
can record simultaneously @ Integral calibrator 
with linearity of 0.01% and attenuated outputs 
for amplifier calibration @ All channels valid 
and have equal widths @ Accurate counting loss 
meter @ Simplified control with one master op- 
eration switch © Complete memory test routines 
and marginal checking provisions ® Superior 
construction and appearance. 


moment. 

I hope that nothing I said implied | 
any condonation of carelessness, and 
that it will be seen that my economic 
criterion would automatically mean | 
that any safety measure that would 
pay for itself in increased output or by 
reducing compensation and repair costs | 
by an amount greater than its cost 
would receive my fullest support. In- 
sofar as I implied any changes in safety 
measures, it was to indicate that we | 


must demand effectiveness in them, | 

and I believe that measures that pre- The memory can easily 
. : t 7 be opened and operated 

vent accidents at source, such as proper y b ° "4 while in extended slide 

design of coolant and instrumentation . position. Complete ac- 

systems, are essentially better value for ; . cessibility to all circuits 

“iP 1G ° j is effected through hinged 

money than palliatives such as contain- ; | center panel, side doors, 

ment shells, which can only be of value | and top chassis. 

when an accident occurs. ; has tty 

My main theme, however, is to try : 
to discover where we should draw the 


seeceeces 
se6e0e06¢4e666 


so 


line in safety measures. Those work- 
ing on reactor designs will realize that 
there is no upper limit to spending on 
safety. Vague exhortations for more 
safety are therefore of no assistance. 
What we need to determine is what par- 
ticular combination of safety measures SPEED of ANALYSIS 


is needed to put our industry in an Block Time | Counting — 


Se : t Rat: 
acceptable position in respect to safety. panne = per Pulse* Loss 
y ine f reaconi —_ . 100 pps 7.2 usec 0.07% 
No line of reasoning less than that 1,000 pes ry Aye oat 


which I have proposed seems to lead 5,000 pps 18.3 usec 8.4% 


10,000 pps_ | 25.8usec | 20.5 % A factory engineer installs each instrument 
laurars . a er : 4:04, | *Average period of input blocking per ana- and gives thorough instruction in operation 
Seve ral of the points raised indic ate lyzed puise assuming a symmetrical spectrum. and maintenance. 

a lack of quantitative precision in my Represented by Atomic Associates, Inc.: 
approach. This is a fair criticism, but Atlanta, Boston, Chicago, Dallas, 


it is pointless to aim at precision in de- ga New York, Philadelphia, Pittsburgh, 
tail when the whole underlying phi- Lz AZ fF Washington, EA. 


losophy still needs to be debated. 


Pe paki Pacific Electro-Nuclear Corp. 


Atomic Energy of Canada Ltd. 
Chalk River, Ontario, Canada 9520 JEFFERSON BLVD., CULVER CITY, CALIF. + Phone: VErmont 7-4411 
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THERMODYNAMIC and TRANS- 
PORT PROPERTIES of GASES, 
LIQUIDS and SOLIDS 


Just Out! Gives numerous data to help engineers 
in the design of heat exchangers, boilers, piping, 
refrigeration, gas processing, and similar equip- 
ment. Gives facts and data covering thermody- 
namic and transport properties of gases, liquids 
and solids; PVT data Sak senntion of state; some 
experimental transport properties; high-tempera 
ture thermodynamic properties of gases 
plus much heretofore unpublished mate- 
rial in the form of tables, charts, and 
Standing Committee 


graphs. Sponsored b 
Heat 


on Thermophysical Properties, 
Transfer Division, ASME y 
84 x 11, 274 illus., $12.50 





SOUNDING ROCKETS 


Just Out! Provides a comprehen- 
sive review of the principal rock- 
ets used for high-altitude research 
particularly geophysical and solar 
research. Covers rocket 
rocket details, handling and launching pro- 
cedures, instrumentation techniques, special 
facilities required, and the theory and appli- 
cations of artificial ear.a satellites. By 
Homer E. Newell, Jr., Naval Research Lab- 
oratory. 350 pp., 155 illus., $12.50 


theory, individual 











NUCLEAR ENGINEERING 
HANDBOOK 


Comprehensive coverage of nuclear theory, nuclear 
engineering principles and techniques, and helpful 
reference material. Presents four major categories 
basic data used in nuclear engineering; formulas 
and methods of calculation used in reactor design; 
discussions of present technology; and concise re- 
views of theory and principles. Prepared by a 
Staff of 70 Specialists, Ed. by Harold Etherington, 
ACF Industries, Inc. 1872 pp., 706 illus., $25.00. 


JUST OUT! 
alae dean 


CAL LNG 
TECHN Reports, instru a 
articles sin wg Manuals, ‘and 
Cleat. step-by-i - — ‘ 
beginning, scientific writins 

pen mone writing ag 
sical on rket at the s@™ 

“~ ition. 
professional seer » 


SEE ANY BOOK 10 DAYS FREE 
McGraw-Hill Book Co., Dept. NU-6 
327 W. 4st St., N. Y. 36, N. Y 


book(s) checked below for 10 days’ 
10 days I will 


Send me 
examination on approval. In 
remit for book(s) keep, plus few cents for 
delivery costs, and return unwanted book(s) 
postpaid. (We pay delivery costs if you remit 
with this coupon—same return privilege 


(1) ASME—Thermodynam. & Trans. Prop. of 
Gases, Liquids, & Solids, $12.50 

0 Newell—Sounding Rockets, $12.50 

| Etherington—Nuclear Enge. Hdbk., $25.00 

Hicks—Suc. Technical Writing, $5.50 

(Print) 

Name ... 

Address 

City 


Zone State 


Company . 

PD 506 vay ous td 

For price and terms outside U. S. 
write McGraw-Hill Int’l., N.Y.C. 
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INDUSTRY NOTES 


Nuclear Elec- 


a complete 


*Hughes Aircraft's 
tronics Dept. is offering 
radiation-lab package—planning, de- 
sign, engineering and construction of 
facilities and equipment, including an 
electron linear accelerator producing a 
short, intense pulse of gamma rays. 
Hughes is also soliciting orders for 
neutron generators, pulsed reactors and 
test reactors. 


® Columbia-National Corp. is deliver- 
ing reactor-grade zirconium to AEC at 
a rate greater than that called for in 
its $22,750,000 contract. 
President Kiddoo that 
growing demand from naval and com- 
indicates 


five-year, 
Gordon said 
reactor 
further increases in production. 


mercial programs 


® Atomic Personnel, Inc., 1518 Walnut 
St., Philadelphia, has been organized 

a personnel placement service for 
the nuclear field; Arthur L. Krasnow, 
formerly of Budd Co., Baird-Atomic 
and Atomic Instruments, is president. 


* Atomic Industrial Forum has pub- 
lished a directory of products, equip- 
ment and services offered by the nucle- 
onics industry (40 major classifications 
and 130 subcategories). 


EXPANSIONS. The tritium- 
production operation of United States 
Radium, Morristown, N. J., has been 
moved into a new one-story building 
adjoining the Bloomsburg, Pa., plant; 
the move was “‘a direct result of in- 
demand” for tritium 
sources. . . Technical Operations, 
Inc., Burlington, Mass., is adding 5,000 
sq ft of lab and office space to handle 


light 


creased 


increasing business from industry, AEC 
other government contractors. 

Interstate Electronics Corp., Ana- 
heim, Calif., 
instrumentation dept. and has opened 
an office in Tokyo, where the firm 
might go into limited parts production. 
.. . Brush Beryllium has taken two 
expansion steps: (1) adding 15,000 sq ft 


and 


has formed a nuclear 


of production space toits Elmore, Ohio, 
plant; and (2) establishing a produc- 
tion facility and sales office in the San 
Francisco area; the West Coast plant 
will produce beryllium components for 
the reactor other 

. Atomic Associates, Jamaica, 
N. Y., has opened a Detroit sales office 
to serve Michigan, Indiana and western 
Ohio. ... Consolidated Electro- 
dynamics, Pasadena, Calif., has formed 


and industries. 


subsidiary, Consoli- 


Monrovia; a 


an engineering 
dated 
process systems dept., specializing in 


Systems Corp., 
nuclear instrumentation and_ process- 
control systems, is among the six de- 
partments created by the subsidiary. 


FOREIGN NOTES. The French 
firm Stein & Roubaix, Paris, will manu- 
facture and market throughout Europe 
a U. 5.-developed consumable-electrode 
vacuum-melting furnace for zirconium 
and other “‘super-metal” alloys; the 
U. 8. firms involved are Allegheny 
Ludium Steel McGraw-Edison. 

. Tracerlab has established a resi- 
dent engineer in Amsterdam and will 


and 


begin marketing selected items manu- 
the U. 8. to 
European customers. . . lsotope 
Developments Ltd., Britain, re- 
ported orders from Poland and Red 


factured there and in 


has 


China and is promoting its products in 
other Communist-bloc nations. 


NEW BUSINESS. December 1959 
is scheduled delivery date for a 10-Mev 
sold 

Danish 


electron linear accelerator by 
Varian Associates to the 
Atomic Energy Commission. To be 
installed at the Neils Bohr Laboratory, 
Copenhagen, the machine will be used 
research and_ food 
. The Navy’s Bureau of Ships has 
given Westinghouse a contract for 
design, construction and testing of a 
5-kw heat 
source will be oil, Westinghouse said. 


for processing. 


thermoelectric generator; 


FINANCIAL. Record 
ings and backlogs are dominating the 
Nuclear- 
and 


sales, earn- 


nucleonics financial news. 
Chicago reported 


earnings for the six months ending 


record sales 
Feb. 28, plus a 50% increase in new 
orders during the 
were $261,853 or 40 cents per share); 


period (earnings 
Brush Beryllium reported record sales 
and earnings for 1958, despite a cut 
from 100,000 lb/yr to 37,500 Ib in its 
5-year contract with AEC (earnings 
were $1 per share); Victoreen Instru- 
ment claimed record sales and earnings 
March 31; 


$5-million 


in the quarter ending 
Baird-Atomic 
backlog as of early April—the firm’s 
largest . . Beryllium Corp., 
which reportedly took a cut similar to 
Brush Beryllium’s last year, reported 
"58 earnings of $1.01 


reported a 


ever. 


per share and 


predicted ’59 earnings of $2.50 
share, first quarter 59 earnings were 


58 cents. 


per 
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High-Speed 


OPTICS 


For Image Amplifiers— 
Speeds Equal to F/0.5 


® Designed for use with RCA—Phillips 
—Bendix—Friez—Westinghouse and 
cascading image amplifiers. One to 
one systems of extreme speed—short 
focal lengths. 


® New Optical Systems available for 
stock. State 
Ideal for 


prompt delivery from 
full data for quotation. 
X-Ray—Radiation research and astro- 


nomic telescopes. 


® Other optics, photo and recording 
equipment available from world’s 
largest “LENS 
BANK’’ —Write 
for Encyclopedia 
Catalog N 659 





BURKE & JAMES. ts~< 


321 S. Wabash Lolsliet T-le Mr. Mm lillaleln 


MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 


for Precise Calibration of Single 


& Multi-Channel 
Pulse Height Analyzers 


AUTOMATICALLY 
10 fr. MORE 


Determines Window 
Widths 
Using Principle of 
Constant Angular CONVENT 
Velocity PULSERS 
Incorporates ——— 
Both Manual — 
Control and 

Precision 
Motor Drive 


Simulates Pulses 
from Scintillation 
Proportional, or 
Geiger Counters 





| this fall... . 


| a subcritical 


| campaign to 


URATELY 
40> x < FASTER aaa 





MERCURY PULSER, Model 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


»@ 


© 008 . 


SIMULATES 
TIONAL 


SCINTILLATION, _PROPOR- 


FIERS, PULSE HEIGHT 


SCALERS, ETC 


401 
Featuring Versatility and Precision 


— 


2 5c8 


FAST RISE AND EXPONENTIAL DECAY 


OR GEIGER COUNTER PULSES 
FOR TEST AND CALIBRATION OF AMPLI- 
ANALYZERS, 





Model 412 
Model 401 


Radiation Instrument Co. 
P. O. Box 733 
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NUCLEAR CAMPUS| 


© Univ. of Wisconsin is expected to | 
take delivery this summer on a $1-mil- | 
lion, 10-Mev tandem Van de Graaff 
accelerator manufactured by High Volt- | 
age Engineering Corp. The machine 
will be located underground. 


®Campus Reactors. Texas A&M 
has applied to AEC for a license to con- 
struct and operate its 100-kw, pool-type 
research reactor—to be built by Con- 
vair as part of the college’s projected | 
nuclear center. . . . Ohio State Univ. 
has purchased a training reactor from 
Lockheed Nuclear Products, Atlanta, 
at a cost of $168,537. . . . The big new | 
research reactor at pchhaster Univ., 
Canada, has gone into operation; the 
AMF-built facility operates at 1-Mw 
but is convertible to 5-Mw. . . . Stan- 
ford Univ's. new 10-kw, pool-type reac- 
tor, purchased from GE, will be in use 
Helped by an $80,396 
AEC grant, Syracuse Univ. has bought 
reactor 


reactor and a 


simulator. 


® Univ. of Michigan has launched a 
raise $2-million for its 
Memorial-Phoenix Project—‘ the larg- 
atomic research pro- 
according to uni- 


est independent 
gram in the world,” 
versity officials. Campaign chairman 
is James C. Zeder, vice-president of 
Chrysler Corp., who said the money 
sought would support the project for 
five more years. $8-million 
spent since Phoenix was founded in 
1948 has made possible a 1-Mw research 
additional facilities 


some 


reactor, extensive 


and 185 research projects. 


| Courses 


The Gordon Research Conferences 
for 1959 will be held June 4—Sept. 4 at 
Colby Junior College, New London; 
New Hampton School, New Hampton; 
and Kimball Union Academy, Meriden; 
allin New Hampshire. Program is de- 
signed to bring experts up to date on 
latest developments in chemistry and 
physics, analyze the developments and 
provoke idea exchanges. Nuclear 
chemistry is being offered June 29- | 
July 3 at Kimball Union Academy. 

Nuclear Development Corp. of Amer- 
ica has organized a half-day, class-type 
program in on-the-job research and 
development activities in the nuclear 
field. Conducted by senior NDA per- 
sonnel, it is open to seniors and gradu- 
ates in science and engineering, will be 
scheduled periodically. 





IF 


IT IS 


“HOT?.. 


DON’T 
TAKE 
CHANCES! 








Isotopes Specialties Co., a division of 
Nuclear Corporation of America, pro- 
vides complete health and safety serv- 
ice for maximum employee protection. 
Among many services offered are: 


© DETERMINING PRESENCE OF RADIO- 
ACTIVITY 

*® ESTABLISHING ADEQUATE SAFETY 
MEASURES 

© PROVIDING WASTE DISPOSAL SERV- 
ICE 


SURVEY & ASSAY 


service includes 
Environmental Testing 
Area Survey 
Base Level Establishment 


SAFETY SERVICE 


Film Badge 

Breath Analysis 
Urinalysis 

Clean Up 

Air/Area Monitoring 
Consultation 


WASTE DISPOSAL 


AEC Approved Disposal 
We furnish all contai 
tation and disposal methods. 





Isotopes Specialties Co. is also one of 


the largest suppliers of 


SOURCES © TRACERS 
LABELED COMPOUNDS 


SHIELDS © CAMERAS 
HANDLERS 


Phone or Write 
for Complete Details 











University of California 
BATENSION 
presents 
A CORRESPONDENCE 
COURSE IN 


SCIENTIFIC AND 
TECHNICAL WRITING 


The fundamentals of scientific and 
technical exposition and description * 
The scientific article and the technical 
report * Organization of facts and ideas 
¢ Sentence and paragraph construc- 
tion * Concise and effective expression 


* 
Taught by Hardy Hoover, Ph.D., Tech- 
nical Editor for Atomics International 
and teacher of technical writing, U.S 
Navy. 


2 
Texts: Technical Writing, Mills and 
Walter 
Plain English, Walsh and Walsh 
a 


Thirty written assignments and a final 
examination 


* 
Fee: $30; out-of-state $35 


s 

Credit: 3 units 

* 

For further information write: 
Department 101 
Correspondence Instruction 
University Extension 
University of California 
Berkeley 4, California 
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NEWSMAKERS 


In high-level changes at ACF’s Nuclear 
Products-Erco div. James J. Dickson 
has been named reactor engineering 
manager, succeeding George A. Ander- 
son, who is now with Curtiss-Wright 
(NU, May ’59, 210); Dickson’s former 
job as project manager for the Elk 
River reactor has been filled by William 
S. Farmer, formerly senior nuclear 
R. M. Jones, marketing 
manager, has gone to Lockheed, At- 


engineer. 


lanta, as asst. manager for the commer- 
cial nuclear operation. 


Two management developments in- 
volving the Industrial Reactor Labora- 
tories, Plainsboro, 
N. J.: William E. 
Chamberlain, Jr., 
IRL general man- 
ager, been 
named a divisional 


has 


vice-president of 
the Atomic Energy 
group, American 
Machine & Foundry 
Co.; and Edward J. 


vice-president of 


Chamberlain 


Goett, executive 

Atlas Powder Co., 
president of IRL, 
succeeding Harry L. 
Hilyard of Ameri- 
Co. 
who 
is also general man- 
ager of AMF Atom- 
ics div., has been in 


has been elected 


can Tobacco 


Chamberlain, 


the nucleonies field 
for many years, in- 


Goett 


cluding five at Gen- 
eral Dynamics, where he participated 
in the Nautilus program. 


Fred Hittman has been picked by Mar- 
tin Co.’s Nuclear div. to direct work on 
PM-1, the portable reactor to be built 
for the Air Force at Sundance, Wyo. 
Franklin G. Myers succeeds Hittman 
as manager of the Reactor Systems 
dept. and Joseph V. Loppert succeeds 
Myers as operations manager of the 
division. 


New employees at Nuclear Science and 
Engineering Corp. are: Mahlon G. 
Young, formerly of Abbott Laborator- 
ies, Oak Ridge, who has been named 
acting group leader in the chemistry 
dept.’s low-level radioactivity section; 
and Alfred P. Intoccia, graduate of the 
Univ. of Tenn., who has joined the 


biology and medicine dept. NSEC 











Director Glenn T. Seaborg of the Univ. 
of California has been appointed to 
President Eisenhower’s Science Advi- 
sory Committee. 


Harold Lambertus, nuclear fuels con- 
sultant, has been appointed manager of 
Spencer Chemical’s 
Nuclear Fuels dept., 
succeeding L. H. 
Landrum, who re- 
signed in March. 
Lambertus was in- 
strumental in estab- 
lishing the fuel- 
fabrication program 
of National Lead 
vice-presi- 





Lambertus 


Co. as 
dent of American Bearing Corp., a Na- 
tional Lead division. 


Personnel appointments at Armour Re- 
search Foundation include: Charles 
Terrell, reactor-physics supervisor; 
William McElroy, reactor-operations 
supervisor; and W. D. Brennan, research 
physicist for solids. 


New staffers at Radiation Applications, 
Inc., are George Odian, an organic 
chemist; Jerome Goodman, a polymer 
and radiation and David 
Sahud, a physical chemist. 


chemist; 


Woodrow E. Johnson, formerly of the 
Bettis Laboratory, has been named di- 
rector of projects, Westinghouse Atomic 
dept. will handle 
planning, 
tomer relations, cost control and co- 


Power Johnson 


** over-all scheduling, cus- 
ordination of work”’ on all commercial 


power-reactor projects. 


Claude C. ‘‘Bud’’ Conners has been 
named construction manager of the 
Consumers Public 


Power District’s 
Hallam reactor; 
is Atomics 
The 


employee 


builder 
International. 
first Al 
assigned to the Hal- 
site, Conners 
been in AI’s 
Sodium Reactor 
Experiment (SRE) 


lam 
has 





Conners 
for AEC at 
He has also been with Tracerlab 


program Santa Susana, 
Calif. 


and Hughes Aircraft. 


named 


Nucleonies David 
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Lawrence sales engineer for its nuclear 
instrumentation line. Lawrence was 
manager, Nuclear div., Gene French 


Co. 


An engineer-administrator-salesman, 
Ralph W. Deuster, has been appointed 
European nuclear 
sales representative 
for Babcock & Wil- 
cox, with head- 
quarters in Brus- 
He will rep- 
resent the company 
in the European 
market and main- 


sels. 





tain liaison with 
Deuster Euratom. Since 
joining B&W in 1955 he has been a 


nuclear-systems specialist (sales) and 
assistant manager of the propositions 
and contracts dept. 


General Electric has appointed James 
W. Nelson, Jr., to succeed Lyman R. 
Fink as manager of 
the X-Ray dept., 
Milwaukee. Nel- 
son Was manager of 
GE’s Microwave 
Laboratory at Palo 
Alto, Calif.; Fink 
recently took over 
from Francis K. 
McCune as general 
manager of the 
Atomic Products div. Nelson has held 
various managerial assignments at GE 
1946. 





Nelson 


since 


John Howard Rust, project director of 
MIT’s Dept. of Food Technology, has 
been appointed head of the new Section 
on Nuclear Medicine at the School of 
Medicine, Univ. of Chicago (NU, May 
59, 209). 


Philip M. Harrigan has joined the Enrico 
Fermi Reactor project near Detroit as 
instrument Harrigan has 
directed instrumentation work for 
Atomic Power Development Associates 
Mich., facility. 


engineer. 


at its Riverview, 


Douglas M. Fouquet has left GE’s San 
Jose operation to join General Atomic 
div. of General Dynamics as manager 


of public relations and advertising. 


Capt. James W. Barnett, Jr., Army 
Corps of Engineers, has joined the 
Corps’s Eastern Ocean district, New 
York, as nuclear project officer; the 
district’s major project is a portable 
reactor to be supplied by Alco Products 
Greenland site. Barnett was 
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ior a 





chief of research and oe “4 
the Nuclear Power Field Office, F 
Belvoir, Va. 


Irwin Zimet has been named enneativs| 
i 


assistant to president David H. Cogan 
of Victoreen Instru- 
ment Co. Zimet 
will work closely 
with Cogan on 
management of the 
company and will 
handle coordination 
between and among 
the parent firm, its 
West Coast div. 
(Jordan Elec- 
tronics) and its subsidiaries (Kolux 
Corp. and Tullamore Electronics). 


Zimet 


David L. Hetrick has established a 
consultant organization under his name 
neutron 
physics, reactor reactor 
safety and reactor theory. A former 
member of the Atomics International 
staff, his new Box 52, 
Canoga Park, Calif. 


in nuclear-power technology, 
dynamics, 


address is 


Nicholas C. Christofilos of the Law- 
rence Radiation Laboratory, Liver- 
more, Calif., has been named consul- 
tant to Boeing Airplane Co. in the 
application of nuclear energy in power 
plants. He joins two other Liver- 
more scientists as Boeing consultants— 
John Foster (controlled fusion), and 


Walter Crandall (theoretical physics). | 


Donalee L. Tabern, founder of Abbott | 


Laboratories’ radio-pharmaceuticals 
program, has retired after 33 years with 
the company. 


The acting head of Argonne National 
Laboratory’s Applied Mathematics 
div., William F. 
Miller, has been 
given the job after 
some eight months 
as acting director. 
The pro- 
vides consultation 


division 


on mathematical 
problems for other 
ANL divisions, car- 





Miller ries out method re- 
search, and answers mathematical | 
problems for ANL scientists. He | 


joined ANL in 1955. Another ANL | 
staffer, Bernard Blumenthal, an associ- | 
ate metallurgist, has taken a leave of 
absence to Belgium’s Centre 
d’Etude de |’Energie for one-two years 
of plutonium work. 


join 











Nuclear disposal 


| PPP eee eee eee eee Eee eee eee 


Takes your 


radionciye 
waste away 





NOW... 
two locations to serve you 


CALIFORNIA 
and NEW JERSEY 


Nuclear Disposal offers the soundest 
solution to your atomic waste 
problems. They are broadly licensed 
to handle any and all radioactive 
waste material .. . byproduct, source, 
or special nuclear materials. 


low cost 


Nuclear Disposal’s service is most 
economical. No processing is required 
by the customer. Complete door to 
door, pick-up anywhere in the U.S.A. 
We furnish all containers. 


For complete information, 

call collect now 

IN THE EAST, 

phone Mitchell 3- 7717, Kearney, New Jersey 
IN THE WEST, 

phone YEllowstone 5-6150, Walnut Creek, Calif. 


OR WRITE 


nuclear disposal! 


A division of 
Nuclear Engineering Company, Inc. 
2600 North Main St., WALNUT CREEK, CALIFORNIA 
NIRS Lincoln Highway, KEARNEY, NEW JERSEY 
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d/M-Gauge*, a portable instrument for field measurement of 
moisture content developed by the Nuclear-Chicago Corporation, 
employs a radium-beryllium fast neutron source by United States 
Radium Corporation, leader in design, development and production 
of a variety of neutron, beta and gamma radiation sources for 
industrial technology. 

The specially-fabricated neutron source is the heart of the mois- 
ture measuring equipment. Fast neutrons emitted from the source 
are reflected and slowed down by the heavy nuclei of hydrogen 
atoms in surrounding materials. The neutron detector in the equip- 
ment measures the number of slow neutrons that return from the 
measured material. This number is exactly proportional to the 
moisture content. 

Neutron sources for any purpose can be developed and supplied 
by United States Radium Corporation. They can be encapsulated 
in stainless steel or Monel, designed for magnetic or mechanical 
handling, either calibrated or uncalibrated. Special design configura- 
tions or encapsulating materials are available for radium-beryllium, 
radium D-beryllium and polonium-beryllium. Actinium-beryllium 
sources can be supplied depending upon the availability of actinium. 

United States Radium Corporation offers complete engineering 
service to meet your radiation source requirement. Write 
Department F 6. 





*Trademark of Nuclear-Chicago Corporation 


UNITED STATES RADIUM CORPORATION 


ORRISTOWN, W. J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
= | Tosenta, Canada and United States Radium Corp. (Europe), Geneva, Switzerland 
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NUCLEAR CALENDAR 


June 8-11—American Rocket Society 
semiannual meeting, San Diego. Ses- 
sion on nuclear propulsion. Contact 
Stan Gunn, Rocketdyne, 6633 Canoga 
Park Ave., Canoga Park, Calif. 


June 9-11—Conference on Safeguards for 
Radioactive Materials at Canisius 
College, Buffalo, N. Y. Co-sponsored 
by Canisius and N. Y. Dept. of Labor. 
Contact Herman A. Szymanski, Cani- 
sius, Buffalo. 


June 15-17—Annual meeting of the 
American Nuclear Society, Gatlin- 
burg, Tenn. Contact Octave J. Du- 
Temple, John Crerar Library, 86 E. 
Randolph St., Chicago 1. 


June 15-20—Congress on Nuclear Energy, 
sponsored by National Committee for 
Nuclear Research, Rome, Italy (Palace 
of the Congresses). Scheduled in con- 
junction with 6th International Ex- 
hibition on Electronics and Atomic 
Energy in Rome, June 15-July 5. 
Contact Evandro Benvenuti, via della 
Scrofa 14, Rome. 


June 17—-20—Annual Meeting of National 
Society of Professional Engineers, New 
York City (Commodore). Contact 
Kenneth E. Trombley, NSPE, 2029 
K St., N.W., Washington, D. C. 


June 18-20—Fourth Annual Meeting of 
Health Physics Society, Gatlinburg, 
Tenn. Contact G. T. Saunders, 
Kewaunee Mfg. Co., Adrian, Mich. 


June 18-20—Society of Nuclear Medi- 
cine, Chicago (Palmer House). Paper 
abstracts due March 1 to Donald W. 
Petit, Univ. of Southern California, 
School of Medicine, 1200 N. State St., 
Los Angeles 33. 


June 22~-26—Annual Meeting, American 
Society for Testing Materials, Atlantic 
City. Symposium on reactors, rock- 
ets and missiles June 22. First of a 
series of forums on reactor-materials 
standards June 25. Contact ASTM, 
1916 Race St., Phila. 3. 


June 22—26—52nd Annual Meeting of Air 
Pollution Control Assn., Los Angeles 
Statler-Hilton). Session on _ radio- 
logical aspects of air pollution. Con- 
tact Bob Barsky, APCA, 434 South 
San Pedro, Los Angeles. 


June 24-26—2nd Nuclear Instrumenta- 
tion Symposium, Idaho Falls, Idaho. 
Contact H. S. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


June 25—Conference on AEC report lit- 
erature for librarians in charge of AEC 
depositories, Washington, D.C. Con- 
tact Technical Information Service, 
AEC, Washington 25. 


July 6-11—Seminar on Training of Spe- 
June, 1959 - NUCLEONICS 














cialists in Peaceful Uses of Atomic | 
Energy, Saclay, France. Contact 
A. I. Galagan, International Atomic 
Energy Agency, United Nations, N. Y., 
or IAEA, Vienna, Austria. 


July 17—9th Annual International Con- 
ference on High Energy Nuclear 
Physics, International Union of Pure 
and Applied Physics, Moscow. Con- 
tact Robert E. Marshak, Univ. of 
Rochester, Rochester, N. Y. 


i=} 


includes high-temperature plasmas 
and controlled fusion. Abstracts due 
June 15 (350 words). Contact Ake 
Nilsson, Institute of Physics, Uppsala. 


Sept. 7-12—Conference on Application 
of Large Radiation Sources in Indus- | 
try, with emphasis on chemical proc- 
essing, Warsaw, Poland. Contact 
A. I. Galagan, IAEA, United Nations, 
N. Y., or IAEA, Vienna. 


Sept. 13-18— National Meeting of Ameri- 
can Chemical Society, Atlantic City, 


N. J. Contact ACS, 2 Park Ave., 
ae ee 
Sept. 14-19—International Conference 


on High Energy Accelerators and In- 
strumentation. Contact CERN Con- 


ference Secretariat, Geneva 23, Switz. | 8 





Sept. 22-24—3rd Industrial Nuclear | 
Technology Conference on non- 
power applications of nuclear 
technology, cosponsored by Ar- 
mour Research Foundation and 
NUCLEONICS, Chicago (Morri- | 
son). Contact Leonard Reiffel, | 
ARF, 10 W. 35th St., Chicago 16. | 
Ill. 





Sept. 28-Oct. 1—National Power Con- | 
ference, cosponsored by American 
Society of Mechanical Engineers and 
American Institute of Electrical Engi- 
neers, Kansas City (Muehlebach). 
Contact ASME or AIEE, 33 W. 39th 
Mh. KR. 5.4 Be 


Sept. 28-Oct. 1—Ninth Annual Instru- 
ment Symposium and Research Equip- 
ment Exhibit, Bethesda, Md. (Na- 
tional Institutes of Health). Contact 
James B. Davis, NIH, Public Health 
Service, Bethesda 14. 


Oct. 15-16—Radiation Effects Sympo- 
sium of Glass Div., American Ceramic 
Society, Galen Hall, Pa. Contact 
Norbert Kreidl, Bausch and Lomb 


Optical Co., Rochester 2, N. Y. 


Oct. 26-28—Third Conference on Ana- 
lytical Chemistry in Nuclear Reactor 
Technology, Gatlinburg, Tenn. .Con- 
tact C. D. Susano, Oak Ridge Na- 
tional Laboratory, P. O. Box Y, Oak 
Ridge, Tenn. (papers), or Tom Woods, 
Megr., Mountain View Hotel, Gatlin- 
burg (accommodations). 
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Decontaminate and 


= & 
Aug. 17-21—4th International Confer- | 
ence on Ionization Phenomena in | 
Gases, Uppsala, Sweden. Program 





There’s no need for nuclear plants and laboratories to incur the added 
risks of transporting clothing exposed to radioactive or toxic materials. It 
can be washed and decontaminated, immediately after use, in one simple 


operation—right in your own plant. 


Getting started is no problem either. The American Laundry Machinery 
Company's engineers will handle the entire job from initial planning 
through installation of equipment. Your own modern, efficient laundry and 
decontamination facility is as close as your telephone. Call your American 
representative for complete information, or write for Catalog #2642. 


i 


At Shippingport Atomic Power Station of 
Duquesne Light Co., in Shippingport, Pa., 
clothing of workers in the Reactor Plant 
is decontaminated and laundered with the 
two Cascadex Washer-Extractors and two 
Zone-Air Drying Tumblers, one of each 
pictured above. A joint project of the U. S. 
Atomic Energy Commission and Du- 
quesne Light Co., the Shippingport Power 


The American Laundry Machinery Company, Cincinnati 12, Ohio 


You get more from 





Station, which was officially dedicated last 
May, is the world’s first commercial atomic 
energy plant. Upon completion of their 
work, employees remove their clothing, 
shower, and monitor themselves for con- 
tamination before dressing to go home. 
The contaminated clothing is collected 
and laundered, then put in storage cabi- 
nets for reissuing. 








EMPLOYMENT OPPORTUNITIES 


NATIONAL 4 The Advertisements in this section include all guolormeat opportunities 

—executive, management, technical, selling, office, ed, manual, etc. 
COVERAGE Civil Service Opportunities Employment Agencies 
Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


——RATES-—_—. UNDISPLAYED 

$2.10 per line, minimum 3 lines. To figure 
payment count 5 average words as a line. 

Position Wanted ads are } of above rate. 

Box Numbers—counts as | line. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 

Subject to Agency Commission. Not subject to Agency Commission. 

Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 


aly 


WHERE TO BUY 


Positions Vacant 
Positions Wanted 





DISPLAYED 

The advertising rate is $21.83 per inch for all 
advertising appearing on other than a con- 
— basis. mtract rates quoted on re- 


MAGNETITE and ILMENITE 


— Hiou-Densitry Sizzep AND 
RADED CONCRETE AGGREGATES FOR 
NucLear SHIELDING 


Nuclear Shielding Supplies & Service, Inc. 


175 Main St. White Plains, N. Y. 





ques’ 
An - inch is measured §” vertically 
on a column—2 columns—30 inches to a 














CAN you offord to be without-— 
RELIABLE 


FILM BADGE SERVICE 


especially at our low, low rates? 
For information— WRITE: 
NUCLEAR SERVICE LABORATORY 
“Radiation Specialists" 
Knoxville 1, Tenn. 





ATOMIC PERSONNEL, inc 











A PLACEMENT SERVICE 

dedicated to people in the NUCLEAR 
FIELD . . . wherever radioactivity is 
used or created. 
Our unique position in this field guar- 
antees you the most effective, yet com- 
pletely confidential handling of your 
placement problems. 


ATOMIC PERSONNEL’S national placement 
service is available to individuals at no charge. 


P.O. Box 1885 


PYREX® PLANCHETS 
For Counting Radioactivity 
Marking Area 
Cupped Interior 
One Hy h diameter, Model 101 
25.00 per Hundred 


paciic NUCLEAR 


San Francisco 21, 








5439 Geary S$ Calif. 














THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 


Send us your resume . . . or personnel requirements 


ATOMIC PERSONNEL, INC. 


1518 Walnut Street, Philadelphia 2, Pa. PEnnypacker 5-4908 





AN EMPLOYMENT AGENCY FOR THE NUCLEAR FIELD 





wt 
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NUCLEAR WASTES DISPOSAL 


engineers experienced in dis- 
design, de- 
with 


PROFESSIONAL 
SERVICES 


ENGINEER 
MINIMUM 3 YEARS’ 
NUCLEAR EXPERIENCE 
NECESSARY 

Salary in 5 figures 


Graduate 


posal of radioactive wastes; 


velopment or operating experience 


ee 


| 
Wits. cattlll | 


disposal processes or equipment preferred. 


= 
= 


Permanent positions with fast-growing 


Rochester-based 





company serving the 
Send resume to R. D. 
Personnel Relations. 


ASTRA, Inc. 
For vow Kage nad Energy Problems 

Nuclear Reactor Specifications and 2 

Desi: fadintion Shielding Design and Anal- position to fill as few can qualify 
_, — io gees = Termes. ‘here are a number of aroma and 
namics leat Transfer 8. ities advantages we will be glad to explain 
Planning, Health Physics. to the one who does. 
P. O. Box 226 
VAnce 8-4386 


process industries 


: McVay, 
We are aware this will be a difficult —o 


PFAUDLER PERMUTIT Inc. 


Rochester 3, New York 
Raleigh, North Carolina 
CABLE: ‘ASTRA’ Required is a BS in EE or equivalent 
and 5 to 10 years’ experience in elec- 
trical systems with 3 to 5 in the nu- 
clear field. 














FRANKLIN ENGINEERING 


Physicists, Engineers Responsibilities will include the tech- 


Plans, specifications, investigations, reports. 


nical direction of all radiation moni- 


Consultants in design of research 
lities and special equipment. 
Power distribution, Control, High Voltage 
Emergency power, Nuclear shielding 
977 Commercial Street Palo Alto, California 
Phone Davenport 1-4114 


toring neutron flux measuring rup- 
ture detection flux measuring, dosim- 
etry, spectrometry and other allied 
technical applications. Design analysis 
procurement, fabrication and installa- 
tion of sub-systems. 








p> PUBLICATION OF TECHNICAL 
PAPERS IS ENCOURAGED 


p> TUITION REFUND IS PROVIDED 
FOR GRADUATE WORK 


INTERNUCLEAR COMPANY 


Nuclear consultants, engi 


Beonomies of Nuclear Power, r Analysis 
and Design, Shielding, Soecial” ‘Applications 


Clayton 5 


and desi 





Write in confidence including salary 
requirements to: 


Missouri 











Mr. P. W. Christos Div. 48-MFA 
Aircraft Nuclear Propulsion Department 


| GENERAL @® ELECTRIC 


Box 132 


_SEARCHLIGHT SECTION 


BOOKS 


. P.O Cinci i 15,0 
Save! 12% Discount On Technical incinnati 15, Ohio 


Book, Box 4561, Washington 17, D.C 


152 


Books. Pic-a- 


Wanted: 








Editor for 
NUCLEONICS 


Engineer 
with working experience 
in reactor technology 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 


330 West 42nd Street 
New York 36, New York 
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EMPLOYMENT OPPORTUNITIES 


THERMODYNAMICISTS 
with ME, ChE or Nuclear Engineering Degrees (Bs, Ms) 


oe 4:3 : 


There’ s a new order of complexity for the 


‘Thermo dynamicist 


in developing the nuclear propulsion system for aircraft 


The requirements for small-size, coupled 
with high-power density in a reactor for 
flight propulsion, raise problems in heat 
transfer never faced before. 


As an indication of the technical difficulty 
of these problems, consider the fact that 
the reactor now being developed by Gen- 
eral Electric for flight propulsion must 
generate more power than a submarine 
reactor, though it is only a fraction of the 
size. 


If problems “of this order” attract you, 
and you have had 3 to 8 years relative 
experience, your inquiry on any of the 
following assignments will be welcomed: 


® EXPERIMENTAL FLUID DYNAMICS & THERMO- 
DYNAMICS ANALYSIS OF REACTOR PERFORMANCE. 


® HEAT TRANSFER AND FLUID FLOW DESIGN CAL- 
CULATIONS FOR NUCLEAR REACTORS. 


®@ CALCULATIONS ON NUCLEAR DESIGN PARA- 
METERS OF EXISTING OR PROPOSED REACTOR COM- 
PONENTS AS BASIS FOR CRITICAL EVALUATION. 


® DEVELOPMENT TESTING OF HEAT TRANSFER & 
FLUID FLOW DESIGN OF REACTOR COMPONENTS. 


® DEVELOPMENT TESTING OF REACTOR CORE 
COMPONENTS. 


® MECHANICAL DEVELOPMENT OF POWER PLANT 
COMPONENTS. ALSO OF REACTOR STRUCTURAL 
COMPONENTS. (Includes devising and conduct- 
ing laboratory tests.) 


PROSE EEE HEHEHE EHEEEHEEEEEHEEE HEHEHE EEE EES 


Assignments are at several levels 


Write in confidence, including salary requirement. 
Mr. P. W. Christos, Div. 48-MF 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL @@ ELECTRIC 


P.O. Box 132 


CINCINNAT! 15, OHIO 
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EMPLOYMENT OPPORTUNITIES 


Opportunities in Advanced 
Nuclear Development at 


The Knolls 
Atomic Power 
Laboratory 


Starting salaries to $12,000 


The Knolls Atomic Power Lab- 
oratory invites inquiries for cur 
rent openings on a number of ad 
vanced nuclear programs. Inter 
ested candidates will find these po 
sitions offer excellent opportunities 
to contribute creatively toward the 
solution of challenging problems 
arising in the design of nuclear re 
actors and powerplants 


If you have an appropriate degree 
and significant related experience, 
the Laboratory can offer immedi 
ate placement in these fields: 


Theoretical reactor physics 

Experimental reactor physics 

Advanced numerical analysis (PhD 
required) 

Advanced engineering mathematics 
(PhD required) 

Mathematical analysis and computer 
programming 

Metallurgical specifications and 
standards 

Materials irradiations experiments 


Metallurgical experiment analysis and 
evaluation 

Reactor materials development 

Powerplant performance evaluation 

Reactor service equipment 

Analytical chemistry, X-ray fluores- 
cence or diffraction 

Applied ceramics 

Radiochemistry 

Experimental equipment design 

Reactor structural design 


(U.S. citizenship required 


To expedite your inquiry, for 
ward one or more copies of your 
resume, including salary require 
ment. Please also state your par 
ticular job interests. Address Mr. 
A, J. Scipione, Dept. 48-MFA 


GENERAL @® ELECTRIC 


Schnectady, New York 








NUCLEAR 
PHYSICIST 


PhD 


Broad interest and sound analytical abilities 
in physics. Demonstrated competence in present 
fields of activities. 

Dr. Richard Madey will personally review all 
applications. 

Send brief resume together with titles of any 
published works to: Mr. George R. Hickman, 
Technical Employment Manager. 


ee SPIE PUL ség AVIAITWan 


Farmingdale, Long Island, New York 








U. S. ATOMIC ENERGY COMMISSION 
{Following positions available for experienced engineers interested 
in technical management: 
@ PROJECT ENGINEER—with reactor design experience for 
coordinating a diversified boiling water reactor program. 
® MATERIALS ENGINEERS—with reactor fuel element metal- 
lurgy experience. 
® REACTOR ENGINEERS 


Salaries are commensurate with qualifications 


Submit detailed resumes to: 


Andrew J. Pryor 
Chicago Operations Office 
U. S. Atomic Energy Commission 
P. O. Box 59, Lemont, Ill. 





NUCLEAR ENGINEERS 
(Mechanical ) 


A nationally known consulting engineering firm desires the services of 
graduate mechanical engineers for its Nuclear Engineering Group (pre- 
ferred age 23 to 35). Requirements are either two or three years of 
experience in the nuclear field, or experience in steam power plant design 
plus nuclear engincering courses. 

These positions involve comparative analytical and economic studies of 
the various nuclear systems, the application of nuclear energy to the gen- 
eration of power, and the engineering and design of electric generating 
plants using nuclear energy. 

Location is the Loop (downtown) area in Chicago. A liberal program 
of benefits is offered. Salaries will be commensurate with background and 
ex pe rience. 

All replies will be confidential. Please send a complete resume of 
education, experience and salary requirements to: 


J. B. Christerson 


SARGENT & LUNDY 
140 S. Dearborn St., Chicago 3, Illinois 
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‘mathematical investigatiG@fis in nuclear sciences 


Problems carried to completion on 
Argonne’s computers have contributed to 
the design of nuclear reactors, the design of the 12.5 
Bev Zero Gradient Synchrotron, the theory of 
nuclear structure and reactions, and to basic chemical and 
biological theory. These computations are made 
possible by investigations into the mathematical 
foundations of basic theories, and examinations 
of new techniques in applied mathematics 
and numerical! analysis. Computer and automation Ve OWE 
research at Argonne have contributed to the experimental Ys 
sciences through the design and operation of large NATIONAL LABORATORY 
scale data recording and data reduction systems. contract with the United States Atomic Energy Commission 
In order to serve the mathematical needs of its scientists PROFESSIONAL PLACEMENT 
and engineers, Argonne operates an analogue computer, P.O. BOX 299-N2 
PACE; an IBM 704; and GEORGE, a digital computer ae 
designed and constructed at the Laboratory. 


STAFF POSITIONS AVAILABLE FOR QUALIFIED Physical Metallurgists, 
Chemical Engineers, Physicists, Mechanical Engineers, Metallurgical Engineers, 
Chemists, Electrical Engineers, Mathematicians, Technical Writers 








EMPLOYMENT OPPORTUNITIES 


New modern air conditioned facilities of Nuclear-Chicago 
at Des Plaines, Illinois. 


NUCLEAR 
ENGINEER 


Brilliant assignment on rap- 
idly expanding nuclear staff 
of a nationally recognized 
company, headquarters: New 
York. 


THE NUCLEAR INDUSTRY IS AT THE THRESH- 
OLD OF THE FUTURE. WHAT THAT FUTURE 
HOLDS DEPENDS ON MEN AND IDEAS 


ELECTRONIC ENGINEER 


Graduate engineer with one year or 
more experience. Must be capable 
of creative design of nuclear instru- 
mentation with vacuum tube or 
solid state components. Pulse-cir- 
cuit design experience desirable. 


NUCLEAR PHYSICIST 


Ph.D. with experimental physics 
background and leaning toward in- 
strumentation to direct the physics 
group in the basic development of 
new ideas and to provide consulta- 
tion and physics support to entire 
technical program. 


Diversified project activity 
assures candidate of job sta- 
bility, professional advance- 
ment and financial growth. 
growth of men and ideas and 


their growth. Responsible positions 
exist for persons with the above 


encourages the 
environment for 
advancement now 


The company policy 


provides the proper Graduate degree, training 


in nuclear technology and 


with opportunity for 
qualifications 


nuclear - chicago 


c ©& land =? — ee a 7° »y 


235-A WEST ERIE STREET, CHICAGO 10, ILLINOIS 


a i) 


We sincerely invite your inquiry. 


Please direct your inquiries to 


Technical Director. 


o ~ 


2 
2 


iil 


Fu: | 


All 





PHYSICISTS—-SENIOR NUCLEAR ENGINEERS—METALLURGISTS 
NUCLEAR PHYSICISTS to lead and perform Core Design and 
Reactor Analysis 
SENIOR NUCLEAR ENGINEER with project design experience 
on Boiling Water Reactors 
METALLURGISTS to perform metallurgy and materials research and 
development in the nuclear field 


Excellent opportunities available in our Nuclear Design Department located 
on the San Francisco Peninsula of California. 


Please mail complete chronological experience record. Replies strictly confidential 


ADVANCED TECHNOLOGY LABORATORIES 
AMERICAN-STANDARD 


369 Whisman Road ®*@ 


Mountain View, California 


several years experience in 
nuclear engineering are pre- 
requisites. 


Our engineers know of this 
opening. Write in strict con- 
fidence to: P1764 Nucleonics, 
Classified Advertising Div., 
P.O. Box 12, New York 36, N.Y. 








Nuclear Chemist 


Unusual opportunity for chemist with expe- 
rience in handling plutonium to start with a 
new industrial program for processing & 
analytical work in Niagara Falls laboratories 
Call or 


write 


H. A. PILKEY 


Manager, Salaried Personnel 
The Carborundum Company 


Niagara Falls, New York 





NUCLEAR 
VALVE ENGINEER 


Long established manufacturer of 
quality valves for special services 
needs engineer for the development of 
new valve designs and modification 
of existing valve designs for use in 
Nuclear Power Field. Engineering 
degree required. Valve design experi- 
ence helpful. Send resume to: 
T. C. Jester, 
DARLING VALVE & MFG. CO. 
Williamsport, 


Chief Engineer 


Penna 


SALES MANAGER 
SYNTHETIC CRYSTAL 
PRODUCTS 


Large established manufacturer has 
for a sales manager to administer a major 
sales program. The individual we are seeking 
is either a topnotch salesman or field manager 
familiar with the technical applications of 
synthetic crystal products. Salary commen- 
surate with experience and educational back- 
ground. 

Please send 
sonal data, 
requirements. All 


P-1516 NUCLEONICS 
520 N. Michigan Ave., Chicago 11, Ill. 


opening 


including per- 
and salary 
confidential 


details 
experience 
strictly 


complete 
education, 
replies 





PRODUCTION CHEMIST 
Pennsylvania manufacturing firm has perma- 
nent opening for graduate chemist with several 
years exper.ence in vacuum work and/or 
radioactive materials. Excellent potential for 
growth 
Send full details of education, 
salary requirements to 

P-1510 Nucleonics 
Class. Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 


experience and 

















SENIOR STAFF SCIENTIST 

SALARY: $15,000 TO $18,000 PER YEAR 
A large R&D division of a major Corp. de- 
sires a mathematician with a M.S. or PhD 
Will conduct research in various branches of 
systems analysis and do research work on 
independent basis. Co. client assumes employ- 
ment expenses 

ESQUIRE PERSONNEL 
202 South State Street, Chicago 4, IIlinois 








ASSISTANT ENGINEERING MANAGER 


Expanding division of strong manufacturer in 
the electronic and nucleonic industry offer 
a desirable opportunity for a young man with 
supervisory potential. Salary $12,000 to 
$14,000. Client pays all fees, 


MONARCH PERSONNEL 
28 East Jackson Bivd. Chicago 4, Illinois 








Your Inquiries to Advertisers 
Will Have Special Value . . . 


—for you—the advertiser — and 
the publisher, if you mention this 
publication. Advertisers value highly 
this evidence of the publication you 
read. Satisfied advertisers enable the 
publishers to secure more advertisers 
and — more advertisers mean more 
information on more products or bet- 
ter service — more value — to YOU. 
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John A. Bistline, KAPL 
Physicist, checks 
world’s first high-tem 
perature nuclear test 
reactor. This Critical 
Assembly permits 
study of core config 
ig-balelsl lar 4-eeme leh] 
er, pressures up to 
1250 psi, and temper 
atures of 550° F. 
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al The Knolls Atomic Power Laboratory...in Critical Facilitées 


IN OPERATION AT KAPL is the first nuclear 
reactor to combine the flexibility of a criti- 


cal assembly with the ability to duplicate 
the operating conditions encountered by a 
pressurized-water reactor. Called Proof 


Test Reactor (PTR), it was developed by 
KAPL scientists and engineers to eliminate 
the uncertainties of extrapolating data from 
experiments made at room temperature to 
predict the operating characteristics at 
power-reactor temperatures. 


EXPERIMENTAL PROGRAM 
KAPL physicists and engineers working 
with PTR are investigating the parameters 
of the many diverse factors, such as fuel 
load, temperature coefficients, and the scat- 
tering properties of metals, that are a func- 
tion of reactor temperatures ranging from 
100 to 550F. Expediting the acquisition of 
this data are special features of PTR, such 


Knolls Aiomc Power L 


as those that make it possible to examine 
varied core configurations within 20 min- 
utes after the system has cooled to 120F. 


Information gained with PTR is used to 
confirm designs for nuclear naval propul- 
sion projects, such as the power plants for 
TRITON, the world’s largest submarine; 
and for the world’s first nuclear powered 
destroyer. 

VARIED PROFESSIONAL OPPORTUNITIES 
Experimentalists and theoreticians inter- 
ested in contributing to developments of like 
caliber in diversified areas of engineering, 
physics, and metallurgy related to nuclear 
propulsion are invited to inquire about cur- 
rent openings. U.S. citizenship required; 
advanced degree or related experience pre- 
ferred. Send confidential resume including 
salary requirement to: Mr. A. J. Scipione, 
Dept. 48-MF. 


OPERATED FOR A.E.C. BY 


Schenectady, New York 


aboraloty 
GENERAL @@ ELECTRIC 


Physicist John A. Bistline, a 
graduate of Rollins College 
(1944), has specialized in High 
Temperature Critical Facilities 
at KAPL. He came here in 1948 
after receiving his MS in Phys- 
ics from Cornell. Previously he 
worked with the Metallurgical 
Laboratory, University of Chi- 
cago, and the Los Alamos Lab- 
oratory, University of Califor- 
nia. Mr. Bistline is now the 
physicist in charge of opera- 
tion of the Proof Test Reactor. 





If you sell the 
$3 billion 


nuclear industry. 


you II want a free 


copy of the 


MEW [09 
MARKET & 
MEDIA FILE! 


DOLLAR VOLUME and 
MARKET POTENTIALS 


What are the prospects for: 
NUCLEAR REACTORS 
REACTOR COMPONENTS 
RADIATION 

EXPORT BUSINESS 


THE 1959 NUCLEONICS MARKET 
MEDIA FILE gives the answers in 
8 fact-packed pages that you will refer 
to time and again throughout the year. 


Send for your free copy today. 


NUCLEONICS 
A McGRAW-HILL PUBLICATION 
330 W. 42nd Street @ 
New York 36, N. Y. @ 
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Interstate Industrial Uniform 
Rental Service Inc 

Isotopes Specialties Co. Division 
of Nuclear Corporation of 
America, 

Johnson & Associates Inc. Wm. 
B. 

Kaiser Engineers 

Kaman Aircraft Corporation, 
Nuclear Division 

Keithley Instruments 


Kieley & Mueller, Incorporated. 46 - 
Landaver, Jr. & Company ®&. $,.124 New Eldorado SC 700 Decimal Scaler with 


Landis & Gyr, Inc better f~wan I microsecond resolution 


Landsverk Electrometer Com- 


Designed for general radiation counting, Eldorado's compact 
mere ger kN new SC700 Decimal Scaler provides high performance at a 


as RE Electronic budget price, $595. 


Los Alamos Scientific Labora- FEATURES © Precision Integral Discriminator 
© Small Size — 3'/,” panel height, © Building Block Construction 
Mallory-Sharon Metals Corpora- weighs only 16 pounds. © Built-in Test Circuit 


McGraw-Hill Book Co... . 54, 146 © 25 Millivolt Sensitivity © Provision for External Timer 


Metals & Controls, A Division * Seven Decades of Count Storage For complete 


technical information, 
of Texas Instruments, Inc.... 2 * Calibrated Input Amplifier please address Dept. Né 


Michigan Chemical Corpora- 
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Minneapolis-Honeywell . Eildorado 
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Penberthy Instrument Co ° . . 
Pectectias Miah Co, Matsa scintillation transducer 


Shield Division 1 Now available in diameters ranging from the device is ready to plug in and operate. As 
Philips’ 1% to 5 in., these transducers combine Levinthal the response curve shows, typical resolution is 
N.V. 106 Nal (Tl) crystals mounted in optical contact with 8 per cent, and peak-to-valley ratio is 75 to }. 
standard photomultipliers. 











Picker X-Ra orporation. . * ‘ ; Check Levinthal also for your needs in 
ray os Size pictured is 2 by 2 in., mounted on an crystals — mounted, unmounted, or in special 


Pilot Chemicals, Inc RCA 6655 A, giving fast response time and high arrangements to meet individual requirements. 
Pittsburgh Piping & Equipment resolution. Having a light-tight magnetic shield, 


Pratt Company, Henry LEVINTHAL ELECTRONIC PRODUCTS, INC. L ~ 
STANFORD INDUSTRIAL PARK PALO ALTO 3, CALIFORNIA \ 
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Four Simultaneous 100 Channel 
Spectra Without Any Loss 
In Resolution 


Ferrite Core Memory 
400 Channels 
0.5% Linearity 


Memory Subgrouping 





External Programming 





Auto-Print Operation 
Spectrum Transfer Circuit 
2"* Count Capacity 
Coincidence Features 
Dead Time Meter 

Elapsed Timer 

Free Installation 

Free Course of Instruction 


Clear Anodized Front Panels 


RIDL is proud to present the newest member of their family of Multi-Channel Analyzers 
—the Model 34-9 400 Channel Analyzer—incorporating all RIDL standard features. 
This unit may be used as two 200 Channel Analyzers or four 100 Channel Analyzers, 
with no sacrifice in resolution. For automatic operation, high resolution, extreme re- 
liability and adaptability, the 34-9 is unmatched by any Multi-Channel Analyzer on 
the market today. Write today to Department MC for complete specifications. 


Radiation Gh tintnd 
[Rio Development Laboratory, , 


7 5737 S. Halsted St., Chicago 21, Ill. * TRiangle 3-2345 


Representatives in major cities 
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This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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Our most treasured ingredient | 
at Kaiser Engineers is ingenuity. It | 
manifests itself constantly in new, | 
more efficient, and tested ways of l 
designing and building our clients’ | 
plants. \ 


NUCLEAR 


Veteran KE engineers can take 
your facilities idea from a gleam 
in your eye through start-up. Or, 
they can perform any part of the 
project. One contract can cover all. 


KE ingenuity—applied in fresh, 
daring ways since the start of con- 
tracting in1914—can benefit your 
facilities. Investigate KE now! 
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has made KE a major engineer-contractor 


serving many industries 


economic analysis * plant location « engineering « design 
procurement: expediting * construction 
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casino : 
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Division of Henry J. Kaiser Company - Oakland 12, California. New York, Pittsburgh, Washington, 0.C., 
Buenos Aires, Caicutta, Montreal, Rio de Janeiro, Sydney, Tokyo 





Ba ATIONAL NUCLEAR GRAPHITE... 
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Side view of No. 1 graphite thermal column wall. This con- 
sists of 30 major blocks of “National” nuclear graphite 


contoured to fit into reactor tank. Machining characteris- 


tics of graphite have been compared to hard wodd, such as 
oak or maple. 


EASILY MACHINED TO INTRICATE 
SHAPES—CLOSE TOLERANCES 


Photos show inner wall of 11 foot long graphite thermal column 
of Atomic Energy of Canada Limited’s NRU Reactor at Chalk 
tiver. Graphite was chosen for this installation because it is an 
excellent moderator of neutrons with low capture cross section. 

This wall has 30 major blocks, the other 4 walls have 144 accu- 
rately machined blocks each. In all, 1300 precision machined 
graphite pieces are included in this thermal column. Close toler- 
ances were held in machining each piece. 

This is typical of the many nuclear graphite machining opera- 
tions performed by NATIONAL CARBON COMPANY. Our versatile 
machine shops, backed by years of graphite machining experience, 
stand ready to supply your needs — whether they be simple re- 
actor blocks, molds or crucibles, complex reactor parts or intri- 
cate nuclear metal processing assemblies. And, remember... no 
other material today has so many useful nuclear properties as 
does “National” Nuclear Graphite. 


ea, Ton, . 
e€ 5 Write today for 
e 8-Page Brochure 
‘National’ Nuclear Graphite” 
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“National” and “‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corperation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 





